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The Motzfeldt Centre (1310 +/- 31 MY) is one of four Gardar alkaline igneous Centres be

longing to the Igaliko Nepheline syenite Complex, South Greenland. Motzfeldt is a multiphase, 

high-level intrusive ring-centre comprised principally of nepheline syenite and emplaced in the 

Proterozoic Julianehab granite and the overlying Gardar volcano-sedimentary succession. 

The Centre commenced with the intrusion of three poorly centralised satellitic intrusions of 

syenite, pulaskite and nepheline syenite, collectively known as the Geologfjeld Formation. These 

are partly truncated by concentric, multiple intrusions comprising the Motzfeldt Ring Series whose 

steep-sided contacts dip outwards and individual nepheline syenite units young inwards. On the 

basis of field relations, petrography and geochemistry the Ring Series is further subdivided into 

the Motzfeldt S~ and Flinks Dal Formations, and a number of minor intrusions collectively termed 

the Hypabyssal Series. The results of field surveys, carried out during two summer field seasons, 

are presented on a 1:50,000 geological map. The petrography and field relations are described 

for 16 distinct, plutonic and hypabyssal rock units which range in lithology from larvikite to 

lujavrite. These represent at least 10 separate intrusive episodes and show a remarkable array of 

rock textures, mineralogical and geochemical features. 

170 whole-rock (XRF), 33 Rare earth element (INAA) and over 300 mineral (EDS) geochemi

cal analyses are presented. These show that the syenite/nepheline syenite lithologies in Motzfeldt 

can be subdivided chemically and mineralogically into the three groups: 'hypoalkaline', alkaline 

and peralkaline. The geochemical features of the various units are evaluated and elemental be

haviour discussed. The data is additionally assessed, using non-parametric statistics, as a means 

of discriminating between the units. A number of units which have proved difficult to separate in 

the field are established to be geochemically distinct, whilst others are shown to be very closely 

associated. The peralkaline, pegmatite rich, silica saturated outer and upper margins of the 

Motzfeldt S~ Formation and its associated microsyenite sheet sequences, host extensive economic 

reserves of Nb, Ta, Zr; U, Th and LREE. The evolution of these mineralised zones is discussed 

and the importance of country rock(+ water)- magma interaction emphasised. 

Recent works have helped clarify the magmatic development of the Gardar Province. Here 

emphasis has been placed on the structural evolution of the Gar dar with the aim of complementing 

these works. The Gardar represents a prolonged ( c.200 MY), cyclic period of limited, passive 

intracontinental extension. Crustal thinning facilitated the rise, along deep fracture zones, of 

magmas generated by higher thermal gradients. In response to regional, sinistral shear stresses, 

ENE extensional fractures and associated dyking developed. In addition, crustal decoupling 

occurred along several parallel WNW-ESE sinistral strike-slip faults. Motzfeldt and other ring 

centres of the Gardar are preferentially located at the intersections of these zones of weakness. 
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lFrontispiece 

View east over Motzfeldt S~ to the cliffs of SE Motzfeldt. 

PART ONE- KNTRODUCTION 

Plate Jl..l a. View south overlooking the mountains of the Motzfeldt Centre. (NJGP.84.C.Ol.31). 

b. Sketch of the photograph above, showing the regional divisions of the area. 

Plate 1.2 a. High summer in "Harry's Dal", S Motzfeldt. (NJGP.84.C.12.10). 

b. Camp 13 (alt. 1220 m) becoming engulfed in a blanket of cloud. (CB.84.C.09.24). 

Plate 1.3 a. The mountains of SE and E Motzfeldt after recent snowfall. (CB.84.C.10.30). 

b. View ENE of the ampitheatre-like ridge surrounding Camp 13 (alt. 1220 m), S 
Motzfeldt. (CB.84.C.08.22). 

Plate 1.4 a. View SE over the area of NE Motzfeldt occupied by the GF-syenites comprising 
theN Motzfeldt 'satellite'. (CB.82.C.05.24). 

b. Lunch stop. The 1700 m. mountains of S Motzfeldt loom in the background 
(CB.82.C.14.22). 

PART TWO- ROCK UNITS AND FIELD RELATIONS 

Plate 3.1 a. EF-Quartzite. NE Motzfeldt. Showing cross-bedding and ripple marks. 
(CB.82.C.06.01). 

b. EF-Siltstone. NE Motzfeldt. Probably lacustrine sediment with medium and 
fine layers. (CB.82.C.06.03). 

Plate 3.2 a. Volcanic plug. NE Motzfeldt. (CB.82.C.05.32). 

b. EF-Conglometrate. NE Motzfeldt. (CB.82.C.13.02). 

Plate 3.3 a. EF-Basalt/agglomerate raft in MSF-Altered syenite E Motzfeldt. The raft is 
over 400 min length and 100 m thick. (CB.82.C.05.06). 

b. Trachytic raft in FDF-Nepheline syenite. C Motzfeldt. (CB.82.C.09.15). 

Plate 3.4 a. View SW across the south end of Motzfeldt S~ . (CB.84.C.07.08). 

b. View NE from C Motzfeldt across the glacier Avanardleq to the mountain of 
Geologfjeld, NE Motzfeldt. (CB.82.C.l3.17). 

Plate 3.5 a. View north across Motzfeldt S~ to NE Motzfeldt. (CB.84.C.07.10). 

b. View NW, showing the northern tip of SE Motzfeldt (foreground), NE and C 
Motzfeldt (middle) and NW Motzfeldt (background). (CB.82.C.02.04). 

Plate 3.6 a. View E along Flinks Dal with the mountains of NE Motzfeldt in the distance. 
(CHE.62.C.01.37). 

b. View north of the area around Camp 2 in SE Motzfeldt. (CB.82.C.Ol.26). 

Plate 3. 7 a. The west facing cliffs of SE Motzfeldt. (NJGP.84.C.l5.16). 

b. Sketch showing the concentric ring structure of the syenite units as seen in the 
photograph above. (Drawing by Joan Nichols). 
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Plate 3.3 a. View NW from C Motzfeldt across Qorqup sermia to NW Motzfeldt and Mellem
landet. (CB.82.C.09.13). 

b. View ESE across Qorqup sermia to the northern tip of C Motzfeldt. 
(CB.84.C.02.17). 

Plate 3.9 a. View west from E Motzfeldt along Sermia qiterdleq and across Motzfeldt S¢ . 
(CB.82.C.04.17). 

b. View WNW showing the plateau area of NE Motzfeldt with the Flinks Dal fault 
zone in the foreground. (CB.82.C.04.10). 

Plate 3.10 a. View north showing 'lower Flinks Dal' , SW Motzfeldt (foreground) and C 
Motzfeldt (west) beyond. (CB.84.C.04.32) & (CB.84.C.04.31). 

Plate 3.11. a. Panoramic view of NE and SE Motzfeldt. Viewed from C Motzfeldt. 
~ 

b. Geological structure of the view above. 

Field Plates 

Plate 4.2 a. Geologfjeld syenite. NE Motzfeldt (Storeelv). Typical example. (CB.82.C.07.24). 

b. Geologfjeld syenite. NW Motzfeldt. Heterogeneous variety from roof zone. 
(CB.84.C.l2.14). 

Plate 4.2 a. GF-Geologfjeld syenite. NE Motzfeldt. Strongly 'baked' variety with up to 10% 
interstitial nepheline. Near MSF contact? (CB.84.C.03.23). 

b. GF-Pulaskite (NMl). NE Motzfeldt. Typical example. (CB.82.C.05.17). 

Plate 4.3 a. GF-Nepheline syenite (NM2). NE Motzfeldt. Typical variety, showing charac
teristic permatitic segregations. (CB.82.C.l0.11). 

b. GF-Nepheline syenite (NM2). NE Motzfeldt. Close up showing similar modal 
mineralogy of the coarse patches and the finer matrix. (CB.83.C.Ol.20). 

Thin section Plates 

Plate 4.4 a. GF-Geologfjeld syenite. NE Motzfeldt. (304160). P.L. 9mm. 

b. GF-Pulaskite. NE Motzfeldt. (58352) P.L. 5mm. 

Plate 4.5 a. GF-Nepheline syenite. NE Motzfeldt. (304055). X.P. 9mm. 

b. As above P.L. 

Field Plates 

Plate 5.1 a. MSF-Marginal syenite (SMl). NE Motzfeldt. Typical red euhedral, 'blocky' 
feldspars with arfvedsonite matrix. (CB.82.C.05.27). 

b. MSF-Marginal syenite (SMl). NE Motzfeldt. Example showing mafic/felsic 
phase layering. (CB.82.C.05.26). 

Plate 5.2 a. MSF-Marginal syenite (SMl). NE Motzfeldt. Example showing mafic rich clot
like segregations. (CB.83.C.l0.14). 

b. MSF-Aitered syenite (SMl). C Motzfeldt (north). Variety showing altered 
nepheline and fluorite vein. (CB.83.C.Ol.21). 
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lPlate 5.3 a. MSF-Altered syenite (SMl). NE Motzfeldt. Very altered variety from the 
'hot' zone of the unit. Yellow-ochre staining and metallic (Fe-Mn?) coatings are 
characteristic. (CB.83.C.02.16). 

b. MSF-Altered syenite (SMl). NW Motzfeldt. Typical example of the red felds
pathic syenite with very coarse pegmatitic patches. (CB.84.C.l2.17). 

lPlate 5.4 a. MSF-Altered syenite (SMl). E Motzfeldt. Massive pegmatite with giant alkali
amphibole crystals. (TT.84.C.Ol.10). 

b. MSF-Altered syenite (SMl). SE Motzfeldt. Sinuously banded peg-
matite/microsyenite. (CB.82.C.09.30). 

Plate 5.5 a. MSF-Altered syenite/MSF-Nepheline syenite contact. View WNW-ESE of the 
northern tip of C Motzfeldt. (T.T). 

b. GF-Geologfjeld sy~nite/MSF-Aitered syenite contact where viewed WNW-ESE 
with Qorqup sermia in the background. (CB.84.C.l2.15). 

lPlate 5.6 a. Peralkaline microsyenite suite. NE Motzfeldt (Storeelv). The whole cliff side is 
cut by thin microsyenite sheets. (CHE. 82). 

b. Peralkaline microsyenite suite. NE Motzfeldt. Closer view of Camp 9 with 
microsyenite sheets beyond. 

Plate 5. 7 a. Per alkaline microsyenite. NE Motzfeldt {CB.83.C.Ol.08). 

b. Peralkaline microsyenite. NE Motzfeldt {Storeelv). As above showing variation 
in texture. (CB.84.C.03.20). 

Plate 5.8 a. Peralkaline microsyenite. NE Motzfeldt (Storeelv). Typical porphyritic, banded, 
mesotypic microsyenite. (CB.82.C.10.32). 

b. Peralkaline microsyenite. NE Motzfeldt (Storeelv). Showing the common as
sociation of blue equigranular microsyenite net veined by porphyritic microsyenite 
similar to above. 

Plate 5.9 a. MSF -Nepheline syenite (SMl). SE Motzfeldt. Characteristically pale coloured, 
subhedral granular and containing grey or red nepheline. (CB.82.C.03.17). 

b. MSF-Nepheline syenite (SMl). SE Motzfeldt. Example showing the character
istic weathering by granular disintegration. (CB.82.C.03.18). 

Plate 5.10 a. MSF-Nepheline syenite (SMl). SE Motzfeldt. Very coarse pegmatite. 
(CB.82.C.ol.18). 

b. MSF-Nepheline syenite (SMl). SE Motzfeldt. Massive pegmatite vein (running 
diagonally across picture). (CB.84.C.06.23). 

Thin section plates 

Plate 5.11 a. MSF-Marginal arfvedsonite syenite. NE Motzfeldt. (3~4052). X.P. 5mm. 

b. As above P.L. 

Plate 5.12 a. MSF-Aitered syenite. NE Motzfeldt. (304053). P.L. 9mm. 

b. MSF-Altered syenite. NE Motzfeldt. (297652). P.L. 5mm. 

Plate 5.13 a. PMS-Peralkaline microsyenite. NE Motzfeldt. (30·1120). X.P. 5mm. 

b. As above. P.L. 
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Plate 5.14 a. PMS-Peralkaline microsyenite. NE Motzfeldt. (304185). X.P. 5mm. 

b. As above. P.L. 

Plate 5.15 a. MSF-Nepheline syenite. SE Motzfeldt. (304003). X.P. 9mm. 

b. As above P.L. 

lFieid Plates 

Plate 6.1 a. FDF-Porphyritic nepheline syenite (SM2). SE Motzfeldt. Typical example 
containing distinctive dark grey porphyry xenoliths. (CB.82.C.03.21). 

b. PDF-Porphyritic nepheline microsyenite (SM2). SE Motzfeldt. Example close 
to the MSF contact- and containing angular MSF-Nepheline syenite xenoliths. 
(CB.82.C.l5.33). 

Plate 6.2 a. PDF-Porphyritic nepheline microsyenite (SM4). C Motzfeldt, Flinks Dal (east). 
(CB.84.C.05.27). 

b. PDF-Porphyritic nepheline syenite (SM4). C Motzfeldt (north). Example from 
the contact zone. (CB.82.C.09.07). 

Plate 6.3 a. FDF-Porphyritic nepheline microsyenite (SM2). SE Motzfeldt. Intruded by 
FDF-Foyaite containing xenoliths of coarse MSF-Nepheline syenite. (CB.82.C.02.16). 

b. FDF-Foyaite (SM3). SE Motzfeldt. The foyaite clearly intruding MSF-Nepheline 
syenite. (CB.82.C.02.19). 

Plate 6.4 a. FDF-Foyaite (SM3). SE Motzfeldt. Coarse grained foyaite with tabular 
feldspars, poikilitic amphibole, grey sodalite and red nepheline. (CB.82.C.03.20). 

b. FDF-Foyaite (SM4). S Motzfeldt. Showing the characteristic 'framework' of 
feldspars. (CB.84.C.08.28). 

Plate 6.5 a. FDF-Foyaite (SMA). S Motzfeldt ("Harry's Dal"). Enclosed is a xenolith of 
coarse and blocky MSF- Nepheline syenite. (CB.84.C.ll.07). 

b. FDF-Foyaite (SM3). SE Motzfeldt. Foyaite showing flow lineation around a 
MSF-Nepheline syenite xenolith. (CB.84.C.06.10). 

Plate 6.6 a. FDF-Foyaite (SM3). SE Motzfeldt. Showing cyclic mafic layering. 
(CB.82.C.Ol.05). 

b. FDF- Foyait.e (SMA). S Motzfeldt. ('The Wall'). Similar development of asym
metric, cyclic phase layering as above. (CB.84.C.08.26). 

Plate 6. 7 a. FDF-Foyaite (SM4). S Motzfeldt. Large scale benching in the Foyaite, seen in 
the east facing cliffs of "Harry's Dal". (CB.84.C.10.32). 

b. FDF-Foyaite (SM4) C. Motzfeldt (west). The Central Foyaite corresponding to 
above, N of the Flinks Dal Fault. 

Plate 6.8 a. FDF-Nepheline syenite (SM5). C Motzfeldt (Flinks Dal). Typical example. 
(CB.84.C.05.10). 

b. FDF-Nepheline syenite (SM5). C Motzfeldt. (Flinks Dal). Shows partially 
developed feldspar lamination. 

Thin section plates 

Plate 6.9 a. PDF-Porphyritic nepheline microsyenite. C Motzfeldt. (304101). X.P. 9mm. 
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b. As above. P.L. 

lPlate 6.10 a. FDF-Foyaite. SW Motzfeldt. (326113). X.P. 9mm. 

b. As above. SW Motzfeldt. (326114). P.L. 9mm. 

lPlate 6.11 a. FDF-Nepheline syenite. C Motzfeldt. (272490). X.P. 9 mm. 

b. As above P.L. 

JFieidl pRates 

lPlate 7.1 a. Laminated alkali syenite. NE Motzfeldt ('Lejr elv'). Example showing poikilitic 
amphibole and weakly laminated feldspar tablets. (CB.82.C.07.25). 

b. West facing cliffs ·of NE Mozfeldt. Three seperate sheets of Laminated alkali 
syenite are visible. (CHE 1982). 

lPlate 7.2 a. Laminated porphyritic syenite. NE Motzfeldt (Storeelv). Strongly porphyritic
seriate variety. (CB.84.C.03.35). 

b. Laminated porphyritic syenite. NE Motzfeldt (Storeelv). Densly phyric variety. 
(CB.84.C.03.24). 

lPlate 7.3 a. Laminated porphyritic syenite. Intruding lam. alkali syenite. (CB.84.C.10.03). 

b. Laminated alkali syenite enclosing blocks of MSF syenite, NE Motzfeldt. 
(CB.82.C.07.34). 

lPlate 7.4 a. A dyke of Laminated porphyritic syenite showing flow differentiation and an 
aphyric margin. NE Motzfeldt ('Lejr elv'). (CB.82.C.08.22). 

b. Dykes of Laminated porhyritic syenite cutting pink syenite of the Geologfjeld 
Formation. NE Motzfeldt (Storeelv). (CB.84.C.03.08). 

Plate 7.5 a. Poikilitic arfvedsonite microsyenite. SE Motzfeldt. Sheet cutting red MSF
altered syenite and grey Laminated porphyritic syenite. View W-E (CHE.82.). 

b. Poikilitic arfvedsonite microsyenite. SE Motzfeldt. Typical example. 
(CB.83.C.Ol.15). 

lPlate 7.6 a. Larvikite (SM5*). From the ring-dyke in C Motzfeldt (west). 

b. Alkali gabbro. C Motzfeldt. From the composite giant dyke. 

Thin section plates 

lPlate 7. 7 a. Laminated alkali syenite. NE Motzfeldt. (304097). X.P. 9mm. 

b. As above P.L. 

lPlate 7.8 a. Laminated porphyritic syenite. NE Motzfeldt. (304090). X.P. 9mm. 

b. As above. P.L. 

lPlate 7.9 a. Poikilitic arfvedsonite microsyenite. SE Motzfeldt. (304033). P.L. 5mm. 

b. MSF-Marginal syenite. NE Motzfeldt. (304710). P.L. 5mm. 

Plate 7.10 a. Larvikite. Ring-dyke. C Motzfeldt (west). (272454). X.P. 9mm. 

b. As above P.L. 
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FRONTISPIECE. 

"The general appearance of the Igaliko batholite mountains differs from 

that of the Ilimausak batholite. They are higher and steeper. Boldly and 

precipitously they tower above the sea, and attain to large altitudes, 

there being, as a rule no beach." 

N.V. Ussing 1912. 



PART ONE 

JINTRODUCCTJION 



Chapter JL 

The Motzfeldlt Centre andl its geological setting. 

1.1 Geographical location 

The Motzfeldt Centre is situated in S Greenland approximately 10 km E from the 

main airport-town of Narssarssuaq. The Centre outcrops over a roughly oval shaped area 

of about 255 km2 (c.20 km E-W x c.15 km N-S) and occupies much of the high, barren, 

mountainous region between Qoroq and the Inland Ice (Fig 1.2.1 ). 

1.2 Topography and climate. 

The mountains of Motzfeldt rise from sea level to a general plateau level of between 

1100 and 1500 m with summits reaching 1900 m. The area is deeply dissected by ice 

eroded valleys, hanging tributary glaciers and at low elevations, wide (2 km) main-valley 

glaciers that flow westward from the Inland ice. This topography provides an excellent 

three dimensional view of the structure within the Motzfeldt Centre. 

The syenite of the complex is easily distinguished from the surrounding crystalline 

basement by virtue of its pale-grey or red stained colour, scarcity of vegetation and char

acteristic development of scree. Unlike the surrounding 'granite' the syenite weathers 

readily by frost wedging and granular distintergration to form a rather mobile regolith 

which makes it difficult for plants to become established. Much of the high ground is 

concealed by a 'blanket' of angular blocks or 'plateau talus', derived from the in situ me

chanical weathering of the syenite bedrock. Permanent-snow covers the very high ground 

and extensive fans of scree conceal the lower slopes of the steep valleys. However, stream 

gullies, polished roche-moutonees and cliff faces provide good exposures. In addition, 

many of the huge, precipitous cliff faces (although inaccessible) show remarkably clear 

geological relationships (Plates 3.4 to 3.11). 
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.Plate 1.1 .I 

a. 

View south overlooking the mountains of the Motzfeldt Centre. 

Photograph taken from the SAS DC8, June 29th 1984. (NJGP.84.C.01.31) . 
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The 'intrusion' derives its name from the prominent and central (11 km x 3 km) 

boomerang-shaped ribbon lake, known as Motzfeldt S0 (alt. 168 m). The lake is sur

rounded by spectacular cliffs and forms the terminus of the glaciers, Sermia Avarndleq 

and Sermia Qiterdleq. Together they form a natural barrier between the mountains of 

SE, NE, and C Motzfeldt. Fig 1.2.1, illustrates these and the other main topographi

cal features of Motzfeldt and also introduces the nomenclature ascribed to the natural 

divisions of the area. This nomenclature will be used throughout the text. 

Whilst working on the Centre more than one third of the total time was lost due to 

the effects of bad weather (Table A2.3, Appendix Two); this was equally divided between 

periods ofrain/snow, fog and violent 'Fohn' winds. The Fohn winds usually followed fine, 

clear, sunny spells and often had a devastating effect on the field camps. Fog could prove 

a hinderance at all elevations. Low in the valleys, early morning mist and fog is common. 

Most serious however, is the thick cloud which frequently mantled and enveloped the 

plateau level (1100-1500 m), (Plate 1.2b). The cloud could often persist for up to four 

days and on occasion precipitate deep snow (Plate 1.2a). Mosquitoes and black fly were 

a great nuisance in the low ground of NW Motzfeldt. 

1.3 Geological Setting 

The geology of S Greenland may be broadly divided into three parts (Fig 1.3.1) all of 

Pretambrian age; 1) crystalline 'basement' rock of the Archean gneiss complex ( c.2500 

MY); 2) Proterozoic 'basement' rock comprising the Ketilidian mobile belt ( c.1850- 1400 

MY); and 3) lava, sediment and intrusive rock of the Garda.r Period ( c.1320 - 1120 MY). 

1.3.1 The Archean Gneiss Complex 

The Archea.il gneiss complex extends from Itivdleq to Ivigtut on the west coast and 

from Gyldenl¢ves Fjord to Mogens Heinesen Fjord on the east (Bridgwater et al., 1976). 

Only in the region between Tartoq, Arsuk and Q6rnoq (GGU Map sheet: Ivigtut 61 
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V .1 SYD) is Archean gneiss the exposed basement to Gardar intrusions. These intru

sions include the centra.] complexes of Kungnat, Ivigtut and Gronnedal-Ika and several 

generations of lamprophyric, basaltic and trachytic dykes. The Archean basement in the 

area displays complex inverted folding and is interpreted as belonging to a major nappe 

structure plunging ESE to SE around Arsuk Fjord (Berthelsen & Henriksen, 1975., pp 

29-32). The WNW- ESE metamorphic fabric is almost at right angles to that of the 

adjacent Ketitlidian basement. The Gardar dykes however, cut the Archean/Ketilidian 

contact without any significant_ shift in trend. 

1.3.2 The Ketilidian Basement 

The Ketilidian Mobile Belt occupies the region between Qornoq in the west, !kermit 

in the east, and Kap Farvel in the south (Alla.art, 1976). Within the Mobile belt, four 

zones are distinguished each approximately 100 km wide and trending SW-NE (Fig 1.3.1). 

Most of the Gardar intrusions are confined to the central granite zone, which consists 

of granite-gneiss, granite, diorite and a central belt of late intrusive orogenic granite, 

adamellite and monzonite. The granite zone is essentially synonymous with Allaart's 

(1964) extended usage of the much used term 'Julianehab Granite'. However, because 

the Ketilidian country rocks encompassing Motzfeldt are of such variable lithology, the 

term Julianehab Formation will be used in tbf study, and is synonymous with Allaart's 

(1976) Granite Zone. 

1.3.3 The Gardar Period 

The Gardar lasted from c.1320 to c.1120 MY and is characterised by continental 

sediment/volcanic sequences, dyke injection and emplacement of predominantly 'salic' 

alkaline central complexes. During the Gardar Period, S Greenland was contiguous with 

N America and Northern Europe, forming a vast Proterozoic land mass or 'superconti

nent' (Piper, 1982). Much of this land mass was subjected to intracontinental rifting and 

associated volcanism, but only the Gardar Province accomoJates such an extraordinary 
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variety of alkaline igneous rock types and rare mineral species. Many geologists have 

been attracted to the area and a number of geological reviews have been published (eg; 

Upton, 1974 ; Emeleus & Upton, 1976 ; Upton & Emeleus 1987) 

i. The Eriksfjord Formation 

The early Gardar is represented by a thick (> 3.5 km) interbedded sequence of con

tinental clastic sediments, pyroclastics and lavas, known as the Eriksfjord Formation 

(Poulsen, 1964). The sequence lies unconformably on rocks of the Julianehab For

mation and accumulated whilst active horst-graben faulting was in progress (Stewart, 

1964). The sediments consist largely of medium to fine-grained white to grey or red 

quartzite, but arkosic and silty varieties do occur. Intercalated with the sediments and 

constituting approximently 50% of the supracrustal succession are three thick sub-aerial 

volcanic sequences. These include the Mussartut, Ulukasik and Ilimaussaq (youngest) 

Volcanic Members (Poulsen, 1964). They comprise predominantly mildly-alkaline olivine 

basalt and hawaiite, although monchiquitic and carbonatitic varieties have been described 

(Stewart, 1970). Trachytic flows, although subordinate, do occur higher in the sequence 

near Ilimaussaq (Stewart, 1964) and with phonolite are common as xenolithic rafts in the 

syenites of the Motzfeldt Centre (Jones, 1980). It has been noted that succeive eruptive 

sequences in the Eriksfjord Formation show a general tendency to become more evolved 

with time (Upton & Emeleus, 1987), however the apparent geographkal correlation be

tween differentiated lava and later syenitf intrusive centres is of significance (Larsen & 

Tukiainen, 1985). 

ii. The Gardar Dykes 

ENE and NE trending dykes abound over most of the Gardar Province. These form 

several distinct swarms and amount to crustal dilation in excess of 3 km (Upton & Blun-

dell, 1978). Although, the early Mid-Gardar 'brown dykes' (BDOs) trend WNW-ESE, 

subsequent dykes (BD1 to BD3) shifted anticlockwise toward the dominant Late Gardar 

SW- NE trend (Berthelsen & Henriksen, 1975). The Gardar dykes are remarkably varied 

in size, lithology and chemical composition. Basic and intermediate types predominate, 
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although lamprophyric and carbonatitic varieties are not uncommon. Recent mapping, 

in fact has shown the latter to be considerably more abundant than previously reported 

{Pearce, 1988; Upton & Fitton, 1985). Two important dyke varieties in the province 

include the 'big feldspar' and 'Giant dykes'. The former are characterised by high pro

portions (up to 80% ) of megacrysts or inclusions of plagioclase, anorthosite or gabbroic 

anorthosite. Detailed accounts of the inclusions by Bridgwater (1967) and Bridgwater 

and Harry (1968), emphasise the wide distribution of the dykes throughout the Gardar 

Province and suggest that wide. areas are underlain by a substantial layer of anorthositic 

rock. The 'Giant dykes' (Upton et al., 1985) although invariably containing a gabbroic 

component can occur as composite gabbro-syenite (and even nepheline syenite) bodies, 

often with well-developed layered structures. (Upton & Fitton, 1985; Upton et. al. 1985) 

Commonly, the dykes bifurcate into smaller dolerite dykes, and therefore represent local 

'swellings' within the regional ENE swarms of basic dykes (Emeleus & Upton, 1976). 

iii. The Central Complexes 

Ten central complexes within the Gardar Province embrace nearly 200 MY of igneous 
I 

activity between c.1320 MY and c.l120 MY. The complexes, with perhaps the exception 

of Nunarssuit comprise predominantly undersaturated or over~urated felsic rock types, 

which include many varieties of nepheline syenite, syenite and granite. They are generally 

high level, passively emplaced, multiple intrusions that have steep-sided, ring dyke or 

ring stock form. The individual intrusive units have trangressive internal and external 

contacts and display a host of layered igneous structures (Upton, 1961; Parsons, 1979; 

Parsons & Butterfield, 1981; Parsons & Becker, 1987; S0rensen & Larsen, 1987). The 

Motzfeldt Centre is one of four intrusive ring centres that comprise the Igaliko Nepheline 

Syenite Complex (Erheleus & Harry, 1970). Associated with this Centre and with many 

of the other Central complexes are smaller satellitic stocks, late partial ring dykes (often 

gabbroic) and hypabyssal sheet intrusions. It seems reasonable to assume that many of 

the central complexes are of subvolcanic type. The Motzfeldt Centre in particular has 
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an exposed sequence of high-level plutonic, hypabyssal and volcanic rock types which 

together represent a full igneous cycle. 

iv. Gardar chronology 

The chronology of the Gardar Period has been well documented by Blaxland et al., 

1978 and is summarised in this work in Figs 1.3.2a and 1.3.2b (both from Blaxland 

et al., op.dt.) Field relationship data between the dykes, central complexes and the 

supracrustal succession together with Rb-Sr isochron age data have been used as the basis 

of a threefold chronological division into Early, Mid and Late Gardar times (Blaxland et 

al., 1978; Upton & Blundell, 1978). In a recent review by Upton and Emeleus (1987) the 

authors have confirmed the cyclic nature of the Gardar igneous activity. They suggest 

that each division corresponded to a single cycle of activity which commenced with 

a large scale uprise of basic magma during phases of crustal attenuation. This magma 

gave rise to the plateau-type lavas and major dyke swarms. Each cycle terminated during 

decreasing tensional stresses with the emplacement of the central complexes (Upton & 

Blundell, 1978). Although there are three main cycles, the central complex emplacement 

culminated in two main phases, one at c.1290 MY (Early Gardar) and the other at c.1150 

MY (Late Gardar), (Fig 1.3.2a). This distribution is also shown by the four intrusive ring 

centres that comprise the lgaliko nepheline Syenite Complex (Emeleus & Harry, 1970). 

The early centres of Motzfeldt and N Q6roq are very similar in composition (augite 

syenite - nepheline syenite) to the later Centres of S Qoroq and Igdlerfigssalik despite 

the 120 MY age gap. It is remarkable that all of the centres were emplaced at a very 

similar structural level in the crust despite their considerable age differences. 

v. Structure of the Province 

The Gardar Period was characterised by intense and prolonged faulting, which has 

played a major role in controlling sedimentation and magmatic activity (see also Chapter 

9). The Province is cut by major, roughly parallel, WNW-ESE sinistral strike-slip faults 
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(Fig 9.1.1). These are associated with a subordinate conjugate set trending NW and NE 

which have minor dextral offsets. 

Although, igneous rocks ofthe Gardar Province are found across the whole of S Green

land (Bridgewater & Gormsen, 1969) most of the dykes and central complexes are found 

concentrated about two ENE trending axial regions, namely the Nunarssuit - Isortoq 

zone and the Tugtutoq- llimaussaq zone (Fig 1.3.1). Geophysical measurements have 

also shown the Tugtutoq- llimaussaq zone to be associated with a gravity 'high' of 300 

gu amplitude, 30 km wide and elongated ENE-WSW (Blundell, 1978). This Blundell 

interpreted as an underlying basic mass, some 50 km long and 35 km wide, lying from 3 

to 5 km below the surface to at least 10 km depth. This structure is comparable with the 

axial 'highs' associated with other continental rift systems and was suggested by Upton 

and Blundell (1978) to be analogous with the deep portions of the Southern Kenya rift. 

The Gardar dykes within each axial zone show distinct compositional differences (Upton 

& Emeleus, 1987). Although, both contain giant dykes and associated salle differentiates, 

the Tugtutoq- llimaussaq zone has a far higher proportion of dykes of intermediate com

position. Moreover, the basic dykes of this zone have consistantly higher contents of Ba, 

Sr, LREE and Nb than basic dykes of the Nunarssuit- Isotoq zone (Upton & Emeleus, 

op. cit.). This divided chemistry is probably a manifestation of the different sub-surface 

crustal structure below each zone, as depicted by the gravity survey of Blundell, 1978. 

Elsewhere in the Province, trachytic and phonolitic dykes occur in local SW-NE swarms, 

especially in the regions adjacent to the major central complexes ( eg; Gnmnedal-Ika & 

Igaliko ). The central complexes are significantly located most frequently where the ENE 

'axial' zones are intersected by the WNW -ESE strike-slip faults. Although the latest fault 

movement is taken up by the strike slip structures, the evidence suggests that movement 

has taken place repeatedly along these faults throughout Gardar time (Henriksen, 1960; 

Stephenson, 1976a). The fault system therefore must play a fundemental role in con

trolling the distribution and development of the Gardar igneous activity (see Chapter 

9). 
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Plate 1.2 

.:: 
..... ,.•~· 

, 

a. 

High summer in "Harry's Dal", S Motzfeldt. Temporary snow can be a great 

hinderance to geological work. View north, with Camp 14 (alt. 1162 m) in 

the foreground. (NJGP.84.C.l2.10). 

b. 

Camp 13 (alt. 1220 m) becoming engulfed in a blanket of cloud. In the 

background the 1700 m peaks of Igdlerfigssalik stand above the cloud 

level. (CB.84.C.09.24). 



a. 

The mountains of SE and E Motzfeldt after recent snowfall. The snow line 

is at c.ROO m altitude. View ENE from S Motzfeldt across Motzfeldt Sill 

(CB.84.C.l0.30). 

b. 
h 

View ENE of the amp~theatre - like ridge surrounding Camp 13 (alt. 1220 m), 

S Motzfeldt. The tents are just visible in the lower centre of the 

photograph . This area became known as 'The Wall'. (CB.84.C.08.22) . 



a. 
View SE over the area of NE Motzfeldt occupied by the GF-syenites comprising the N 

Motzfeldt 'satellite'. The orange tent of Camp 4 (alt. 1192 m) is just visible beside two 

smalllal(es in the centre of the picture. (CB.82.C.05.24). 

b. 

Lunch stop. The 1700 m mountains of S Motzfeldt loom in the background 

(CB.82.C.14.22). 



Chaptell" 2 = The JP:rroject 

2.1 JHnsiory of l?l!"evnous Research 

Ussing (1912) was aware of the very large tracts of syenite and nepheline syenite that 

comprise the Igaliko Syenite Complex; "The lofty mountains north, south and east of the 

Koroq Fjord belong to a large batholite which is indicated here as the Igaliko batholite." 

Unfortunately, due to lack of time at his disposal (fourteen days) and the inevitable 

bad weather Ussing was unable to reach the Motzfeldt Centre... "The eastern parts 

of the district being difficult of approach have not been surveyed." The considerable 

extent and distribution of syenite of the Motzfeldt Centre only became obvious when 

the Greenland Geological Survey (GGU) carried out a number of helicopter flights over 

the area between Igaliko and the Inland Ice during the latter part of the 1950's. This 

reconnaissance initiated a general geological survey of the Igaliko Complex during the 

field seasons of 1961, 1962 and 1963. This survey was carried on out behalf of GGU by 

C.H. Emeleus (University of Durham) and W.T. Harry (University of St. Andrews), the 

results and geological map being published in 1970 (Emeleus & Harry, 1970). Emeleus 

and Harry spent several weeks in Motzfeldt during 1962 and 1963 establishing eight field 

camps (Fig 2.3.1a). Of all the Igaliko Centres, Motzfeldt received the least coverage, 

mainly because of its large size, the extreme topography and its relative remoteness. 

Large areas of S and SE Motzfeldt in particular were not visited during their survey. 

Each individual Centre of the Complex has subsequently been studied in more detail 

by various postgraduate research students at the University of Durham, (D. Stephenson, S 

Qoroq 1973; A.D. Chambers, N Qoroq 1976; M. Powell (also Leeds Univ.), Igdlerfigssalik, 

1976; and A.P. Jones, Motzfeldt, 1980). During the summers of 1977 and 1979, Jones 

spent several weeks in Motzfeldt, mapping and sampling. He established three camp 

sites, two in C Motzfeldt and one in the SW ('Lower Flinks Dal'), (Fig 2.3.la). Studying 

the samples he collected and those collected by Emeleus and Harry, Jones described in 
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detail the petrography, mineralogy and geochemistry of the various established units of 

the Centre. Jones als'o added further field data to the original map of Emeleus and Harry, 

1970. 

Motzfeldt was further surveyed during the summers of 1979 and 1980 as part of 

the GGU-South Greenland Uranium Exploration Project (SYDURAN), (Armour-Brown, 

Tukiainen & Wallin, 1980, 1981 & 1982). A team led by T. Tukiainen (GGU) con

centrated on the Motzfeldt Centre and carried out reconnaissance airborne-radiometric 

surveys, drainage geochemical sampling and limited geological field work. The results 

showed that large areas of reddened syenite in the NE, E and SE contained highly elevated 

U and Th values. The new findings suggested the Centre may contain economic potential 

and there was a necessity for a major geological reappraisal of the Centre (Tukiainen, 

1981). 

2.2 Current Research 

A detailed geological and radiometric mapping programme of the Motzfeldt Centre 

commenced in 1982 as part of the extended SYDURAN project under the Danish Ministry 

of Energy's Research Programmes of 1981 and 1982 (Armour-Brown, Tukiainen & Wallin, 

1982; Armour-Brown et. al. 1983). As a member of the SYDURAN team, the author, 

with the assistance of Mr J. Ohberg (GGU), carried out the geological mapping, while 

the U-Th mineralisation was investigated by T. Tukiainen using detailed helicopter-borne 

gamma spectrometer equipment and additional field surveys (Bradshaw & Tukiainen, 

1983). The radiometric survey proved to be invaluable not only for mineral exploration 

but also as an aid to the geological mapping (Tukiainen, Bradshaw & Emeleus., 1984). 

The Nb and Ta (Pyrochlore) potential, discovered in the area during 1982 prompted 

further exploration and in 1984 the GGU-PYROCHLORE project was instigated. This 

project is funded by the EEC's Resources and Raw Materials Programme and the Geolog

ical Survey of Greenland. The venture involves collaboration between German geologists 

namely; Prof. G. Morteani and Mr B. Kronimus, University of Munich, (geochemistry 
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and petrography of Pyrochlore-bearing syenites); Dr P. Moller, University of Berlin (Geo

chemistry of REE); Dr D. Ackerman, University of Kiel, (electron probe investigations) 

and GGU geologists; Mr T. Tukiainen (mineralisation and exploration); Dr L.M. Larsen 

(petrochemistry) and Mr L. Thorning, (Geophysical investigations). All members took 

part in field surveys during the summer of 1984. The detailed mapping programme in 

the Motzfeldt Centre which commenced in 1982 with the SYDURAN Project was con

tinued during 1984 by the author (with NERC financial support) in conjunction with the 

members of the PYROCHLORE project. 

2.3 Fieldwork and aims of the Project 

The aim of the study was to develop a detailed geological reappraisal of the Motzfeldt 

Centre and thereby, provide a reliable reference framework for economic evaluation, ex

ploration and continued geological research. To fulfill this aim the author has spent a 

total of sixteen field weeks in the Motzfeldt area during the summers of 1982 and 1984 

(see Appendix Two, Field Statistics). Work was carried out on foot from each of nineteen 

established campsites (sixteen different camps, see Fig 2.3.1b), 1 although occasional heli

copter support proved invaluable for reconnaissance of the more inaccessible areas (Plate 

1.4b). Mapping was undertaken using high quality 1:10,000 contoured orthophoto maps 

and 1:50,000 stereopair aerial photographs. 

In addition to the rock samples already available from previous collections of CHE, 

WTH and APJ, 480 samples were collected by the author. Currently, 1025 Motzfeldt 

specimens are 'housed' at Durham and have been used extensively in supporting petro

graphic and geochemical studies. 

1 for grid references see Tables A2.4 and A2.5, Appendix Two 
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Chapie1r 3 = JiniJrodllLll.ciion 

3.1 GeologiicaU summary, from previous studies 

The Motzfeldt Centre (1310+/-31 MY) is one of four alkaline Centres belonging to 

the lgaliko Nepheline Syenite Complex, S Greenland (Emeleus & Harry, 1970). Motzfeldt 

is a multiphase, high level intrusive Ring Centre emplaced in the 'basement' Proterozoic 

Julianehab Formation and overlying Gardar supracrustal succession. Although the bulk 

of the rocks comprising the Centre are syenites and nepheline syenites, lesser units range 

from syenogabbro to lujavrite (Jones, 1980). Emeleus and Harry (1970) distinguished five 

major bodies of syelllte and nepheline syenite (SM1 to SMS) and showed that these units 

followed the classic ring intrusion pattern of internally overlapping, circular or arcuate 

bodies that young inwards (See enclosure Enc.1). Whether we now see a ring-dyke or a 

stock~like body depends on the current level of erosion. Two 'satellite' intrusions, cut by 

the Ring Centre, were also described. These include a composite body in NE Motzfeldt 

(NM1 & NM2) and a poorly known syenite in SE Motzfeldt- the East Motzfeldt Syenite. 

The Centre was shown to be cut by two large dykes of alkali- gabbro and syenogabbro 

composition, a suite of 'late' microsyenite sheets (NE Motzfeldt) and numerous dykes 

belonging to the late Gardar regional swarm. Jones (1980) showed conclusively that 

certain strongly foliated and banded medium grained syenites on the S side of Flinks Dal 

were not large rafts :of metasomatically altered gneiss (cf. Emeleus & Harry. op. cit.) 

but late intrusive bodies oflujavrite composition, to which he assigned the notation SM6. 

In addition, Jones emphasised the petrological similarity between the marginal facies of 

the nepheline syenite SMS and the Syenogabbro1 ring dyke. To indicate this relationship 

he renamed the dyke with the notation SMS*. 

1 which he showed to be larvikitic 
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3.2 Revised geological nomenclature 

Comprehensive field surveys associated with this study (see Appendix Two) made it 

possible to further subdivide the established units and establish a. number of previously 

undescribed rock units. Moreover, it was apparent that the major syenite units (NM1/2 

and SM1 to SM6 of Emeleus and Harry, 1970; Jones, 1980) could, from field and pet

rographical evidence, be divided into three main 'families' or Formations. On this basis 

a. new scheme of nomenclature was proposed (Bradshaw & Tukia.inen, 1983) which in

corporates these divisions, known respectively as the Geologfjeld Formation, Motzfeldt 

813 Formation and Flinks Da.l Formation. This scheme, modified following discoveries 

during the 1984 field season, is shown on Table 3.2.1 correlated with the previously 

established SM notation for ease of reference. The scheme was proposed because of 

its flexibility in allowing the addition of new field data.. Thereby, previously undescribed 

units and new subdivisions of established units, discovered during the GGU-Sydura.n and 

GGU-Pyrochlore surveys (and in any future mapping surveys) can be included without 

confusing changes in the SM notation of Emeleus and Harry, 1970. Further, the syenites 

of the Motzfeldt 80 and Flinks Dal Formations, although distinct episodes of magmatic 

activity follow a co~mon focus of intrusion and together comprise the main plutonic 

ring structure known as the Motzfeldt Ring Series (Bradshaw & Tukiainen, 1983). Many 

minor intrusions are also associated generically with each Formation and by using the 

appropriate prefix (ie, MSF or FDF) this can be indicated. 

In the following text, when individual members are discussed, the Formation to which 

they belong is indicated as an abbreviated prefix. 

"\\There: 

FDF = Flinks Dal Formation. 

MSF = Motzfeldt S!3 Formation. 

GF = Geologfjeld Formation. 

EF = Eriksfjord Formation. 

JF = Julianehab Formation. 
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Table 3.2.2 shows symbols used to represent the units of the Centre. These symbols 

are used in all the geochemical figures throughout this thesis: Geologfjeld Formation units 

- square, Motzfeldt S0 Formation - triangular and the Flinks Dal Formation - circular. 

The ring dykes have diamond shaped symbols and the sheet intrusions are represented 

by stars. 

The photographs have a number of different scale markers with sizes as follows: Knife 

- 7 em; Lens caps- 5 em; 1 pound coin- 2 em; Wooden hammer, shaft- 35 em, head-

10 em; Estwing hammer, shaft- 27 em, head- 15 em. 

3.3 Classification of the Motzfeldt syenites and nepheline syenites 

The alkaline rocks comprising the Motzfeldt Centre represent strongly differentiated 

members of the Alkali olivine basalt (sadie) Series (of; Irvine and Baragar, 1971), and 

are typical subvolcanic igneous rocks produced by intracratonic magmatic processes. The 

full range of rock types from the above series is represented by the cross- cutting Gar

dar dykes and overlying lavas in the area. Carbonatite dykes in the area are also more 

abundant than previously recognised (Pearce & Emeleus, 1985). Although, the intrusive 

rocks of the Motzfeldt Centre range from larvikite to lujavrite, they are predominantly 

phonolitic and trachytic in composition. (Fig 3.3.1 & Fig 3.3.2). Oversaturated syen

ites do occur where magmatic interaction with the surrounding country rock (gneisses 

& quartzites) has taken place. On the basis of the petrography and geochemistry of the 

different units (this study) a broad three fold classification may be applied (see Table 

3.3.3). The different syenites (sensu lato) may be divided on the basis of their alkalin

ity. The Peralkalinity Index (Na2+K20/Al203 ; mol. props) used for this purpose not 

only reflects the degree of differentiation but also strongly indicates the geochemical and 

mineralogical features which can be expected in the rock (see section 8.1.2) In addition, 

further subdivision into undersaturated/saturated types is used. However the major 3-

fold division of mineralogical characteristics is still applicable. Hypoalkaline units are the 

least evolved varieties in Motzfeldt and as the name suggests they are 'deficient' in alkalis 

relative to alumina, as shown by the dominance of calcic mafic minerals. Syenites (sensu 
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stricto) and 'miaskitic' nepheline syenites are included in this group. Alkaline rock types 

show a relative balance of alkalis and alumina. They l'epresent the predominant rock 

type in Motzfeldt and include alkali syenites (saturated) and khibinitic (intermediate) 

nepheline syenites. Peralkaline rocks are the most evolved rocks in Motzfeldt, they are 

represented by arfvedsonite syenites/microsyenites and agpaitic lujavrites. 

It is important to note there are no abrupt physical and chemical boundaries between 

the three, and therefore the chemical delimitations used in Table 3.3.3 should be for 

guidance only and not used in isolation. 

The plot Si/(Al x 6) v PI (Fig 3.3.4) shows clearly, in terms of alkalinity and silica 

saturation the distribution of of the main rock units of Motzfeldt (excluding mineralised 

and pegmatitic samples). Combined with Table 3.3.3 this plot may be used to classify 

the rock types, from which inferences can be made about the the trace element (see 

Chapter 8) and mineralogical features which might be expected. Fig 3.3.4 also shows 

the tendency for most of the major units of nepheline syenite in Motzfeldt to fall in 

the same general compositional area. Indeed they are virtually indistinguishable using 

only their major element compositition and basic mineralogy. Fortunately however, rock 

colouration, grain size and textural differences do occur, and when used in combination 

with field-relations, make it possible to discriminate between the units (but not always). 

Five main textures commonly occur in the syenites, namely; porphyritic, pegmatitic, 

equigranular, foyaitic and cumulitic. Table 3.3.5 lists the definitive textural features 

(hand-specimen scale) of the main nepheline syenite units. The nomenclature developed 

for use in Motzfeldt (Bradshaw & Tukiainen, 1983; Bradshaw, 1985; also section 3.2 

this work) has attempted to utilize these differenc~s as much as possible with the aim of 

simplifying future field surveys. 
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3.4 Some mineralogical features of the Motzfeldt unlits 

3.4.1 Introduction 

A great deal of research has been carried out on the mineralogical trends, particularly 

of the ferromagnesian silicates of the Gardar Province and the various alkaline centres of 

the Igaliko Nepheline Syenite Complexes (eg. Chambers, 1976; Jones, 1980, 1985; Jones 

and Peckett, 1980; Powell, 1976, 1978; Larsen, 1976, 1977; Stephenson, 1972, 1973, 1974; 

Stephenson & Upton, 1982; Parsons, 1979, 1981; Pearce, 1988; and others). 

Jones (1980, 1985) has gone into considerable detail regarding these trends in 

Motzfeldt and it is therefore unnecessary to repeat the detail here. The 'Petrographic 

features' sections of the following Rock Unit Chapters indicate the mineralogical char

acteristics of the individual units. Here the mineralogical aspects of the rock units as a 

whole are introduced. 

New microprobe data are tabulated in Appendix Four, for the mineral groups Py

roxene (A4.2), Amphibole (A4.3), Feldspar (A4.4), and Biotite (A4.5). Most of the rock 

groups in Motzfeldt are covered, although in this work analyses have been concentrated 

on the 'new' rock units eg. GF-Geologfjeld syenite, and those little analysed by Jones 

(1980), with the aim that both works combined might provide a good spectrum of data 

for all of the Motzfeldt rock units. In the preceding section, the Motzfeldt syenites and 

nepheline syenites were broadly divided into three main groups; 'hypoalkaline', alka

line and peralkaline. These are related through progressive fractional crystallisation and 

although the division is based on rock chemistry (PI) the mineral assemblages of the 

different groups reflect these divisions in their own general chemical characteristics.(see 

Table 3.3.3). 

3.4.2 Olivine 

Olivine is only an important constituent in the larvikite ring-dyke of Central Motzfeldt 

and the lardalitic margin of the FDF-Nepheline syenite to which it is considered to be 

related (Jones, 1980). Small rounded olivine crystals (c.3 rom) do occur in the fine 
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grained (chi1Jed) varieties of the PDF-Porphyritic nepheline syenite and the partial ring

dyke of Laminated porphyritic syenite. Coarser varieties of these units however, only 

occasionally contain larger (up to 5 mm) corroded and highly stained olivines. The basic, 

lower horizons of the cumulate FDF-Foyaite sequence contain yellow fayalitic olivines in 

modal concentrations up to 10%. In the field these are easily recognised by their sf{mgly 

rusted appearance. Olivine was not discovered from petrographically similar (although 

not cumulate) rocks of the Motzfeldt S0 Formation which is probably a reflection of the 

higher H2 0 content and /o2 of-this unit, where: 

3Fe2Si04 + 02 = 2Fe304 + 3Si02. or: 

NaAlSi30s + to2 + !Fe2Si 04 = !Ah03 + NaFeSh06 + lSi02 (Ewart, 1981) 

3.4.3 Pyroxene 

The pyroxenes of Motzfeldt are displayed here in terms of Mg -(Fe2 + Mn) - Na 

(atom%) (Fig 3.4.1 & Fig 3.4.2). Early cumulus pyroxenes are of salite and ferrosalite 

compositions, which tend to be pale lilac and pale apple green in thin section, respec

tively. These are commonly rimmed by bright green aegirine-hedenbergite or amphibole 

and then a second generation of aegirine-hedenbergite or aegirine. This quite distinct 

paucity of compositions between ferrosalite and aegirine-hedenbergite (see Fig 3.4.2 and 

Figs 3.4.3 & 3.4.4) 1 probably represents the increased importance of amphibole crystalli

sation, at this stage (Larsen, 1976; Jones, 1980). The series of scatter plots of elemental 

concentration (atom%) versus (Na-Mg) shows how early evolution can be expressed in 

terms of Mg2 - Fe2 substitution in CaMgSi206 to CaFeSi206 with concomitant decreas

ing AI and Ti and increasing Mn + Si. However, unlike in the llimaussaq Intrusion 

(Larsen, 1976) or many of the oversaturated rocks of the Gardar (eg. Stephenson and 

Upton, 1982), hedenbergite is not reached, and the pyroxene trend is influenced by 

increasing Na and Fe3. The pyroxenes of the MSF-Nepheline syenite are noticeably less 

Mg depleted than those of the Plinks Dal Formation before becoming enriched in the 

acmite component, (Fig 3.4.2). Larsen(1976) postulated low /02 conditions (and low 

1 hedenbergite = 0.0 Na-Mg 
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initial MgO ) to explain extreme enrichment of Fe2 and Mn in llimaussaq. Conversely, 

therefore, higher fo 2 in the Motzfeldt S0 Formation compared to the Flinks dal Forma

tion would explain the aforementioned trend and be consistent with the field evidence 

(Chapter 5). 

With an increase in the acmite component (NaFe3Sh06), there is a general increase 

of Si, Ti, and Zr with declining AI, Fe2, Mn, Mg and Ca (Figs 3.4.3 & 3.4.4) with trends 

from this study being virtually identical to those shown by Jones (1980 and 1985). 

High levels of Zr (up to 6.9 wt%) were discovered in aegirines present in the peralkaline 

intercumulus of the FDF-Foyaite (transgressive type) (Jones, 1980; Jones & Peckett, 

1980). The substitution invoked being: 

(Fe, Mg)2+ + zr4+ = 2Fe3+ 

The Zr concentrations analysed in this work show a general increase with fractionation 

(Na-Mg) but with increasing scatter toward the Na rich varieties (Fig 3.4.3). Jones and 

Peckett {1980) noted this scatter even on a hand specimen scale and concluded that 

small pockets of residual intercumulus melt would represent largely isolated chemical 

environments which could often be Zr rich (Dietrich, 1968; Siedner, 1965; Watson, 1979). 

3.4.4 Amphiboles 

Members of the Amphibole group are present as intercumulus minerals in all rock 

units and are the mo&t abundant mafic minerals in Motzfeldt. The threefold classification, 

based on peralkalinity, which is used here for the syenites of Motzfeldt is strongly reflected 

by the characteristic amphibole in each group. Using Leake's nomenclature (1978), these 

include calcic, sodic-calcic and sodic amphiboles respectively (Table 3.4. 7). Optically 

these stages are easily recognised by the change in dominant colour from brown through 

green to shades of blue (Chambers, 1976; Jones, 1980). Of the crystals analysed from 

Motzfeldt all but 3 have Mg/(Mg + Fe2 ) < 0.5 (Fig 3.4.5). All amphiboles from Motzfeldt 

are L:Fe rich with Fe20 3 + FeO ranging from c.18 wt% to c.35 wt% (Table A4.3). The 
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amphiboles analysed from the different Motzfeldt units are plotted on the classification 

diagrams (Hawthorne, 1981; modified from Leake, 1978) in Fig 3.4.5. 

i. Hypoalkaline Syenites 

The amphibole typical of this syenite variety is deep red-brown to staw coloured hast

ingsite or hastingsitic hornblende. Traditionally these amphiboles would be classified as 

barkevikite (Deer et. al., 1964). Reclassification of these barkevikites by Rock and Leake, 

(1984) using the IMA nomencl(\ture of Leake 1978 gave Hastingsitic compositions. These 

distinctive red-brown hastingsitic amphiboles are common in augite-syenites/syenites 

throughout the Igaliko Province (Table 3.4.8a). 

Chemically the hastingsites differ from the more evolved amphiboles in Motzfeldt in 

that the dominant substitution is Mg0~ Fe0 and not CaB + AlT «-»NaB +SiT. 

Infact Ca, Na and K remain consistently steady (Fig 3.4.6a) whilst Si concentrations 

drop toward the rims2 • The hastingsites are relatively early crystallising phases (higher 

temperature) and therefore the concomitant crystallisation of feldspar probably plays 

an important role in buffering the concentration of alkalis entering into the amphibole 

structure. The prolonged crystallisation of alkali-feldspar (with little or no feldspathoid) 

also explains the drop in Si as it causes the intercumulus residuum to become progressively 

silica undersaturated. 

ii. Alkaline and peralkaline rocks 

In the alkaline and peralkaline rocks the amphibole is predominantly interstitial to 

the earlier formed feldspar (and often nepheline) crystals. The alkalis with aluminium 

and calcium play an important role in the dominant substitution CaB + A1T ~ Na8 + 

SiT. In addition Fe continues to increase at the expense of Mg. In the nepheline syenites 

the typical (primary) amphibole sequence is ferro-edenitic hornblende~ ferro-edenite 

~ kataphorite. The peralkalinity of the rock largely determines which of these phases is 

2 quite the reverse trend to most other Motzfeldt amphiboles 
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Amphibo~e characteristics Table 3.4.7 

Table of typical characteristics of Motzfeldt amphiboles 

UNDERSATURATED SATURAlEID 

Brown Hastingsite Hastingsitic HYPO ALKALINE 
hornblende 

(F erro-edenitic hornblende) (F erro-edenlie) 

Green Kataphorite Kataphorite ALKALINE 

(Ferro-rich teri te) 

Blue Arfvedsonite Arfvedsonite PERALKALINE 

(brackets indicate subordinate phase) 

Table 3.4.8 (overleaf) 

a. b. & c. Tables of typical Motzfeldt amphibole values divided into Hypoakaline, alkaline 

and peralkaline groups. 

Data from Ilimaussaq (Larsen, 1976), Kiingnat (Kung) (Upton and Stephenson, 1982) and 

Deer, Howie and Zussman (1963) are tabled for comparative purposes. 

Nomenclature from Leake (1978) and Rock & Leake (1984). See Appendix Four for key to 

code names. 



Typica~ Mo~z~eidt Amphibo~es Tablie 3L4. § 

@l. Table of amphiboles typical of the hypoa I ka I i ne group 

Motz Motz NQ I I im Kung OHZ 
Eloament <~t%) 304160 304051 59758 1507522 126868 No.3 

Si02 39.57 39.56 39.63 38.90 38.95 40.88 
Ti02 2.75 3.65 3.31 2.23 1. 47 0.22 
Al203 9.33 10.66 10.24 10.31 9.60 11.04 
f"e203T 24.18 25. 11 23.47 27.66 29.32 24.97 
MnO 1.09 0.68 0.76 0.46 0.62 1.32 
MgO 4.88 3.65 5.24 2.72 2.05 5.92 
CoO 10.33 11 . 11 10.95 10.61 10.40 10.46 
No20 2.65 2.57 2.84 2.59 2.69 3.75 
K20 1.50 1.68 1.53 1. 67 1.49 0.78 

Nome H-Hb Has H-Hb H-Hb H-Hb H-Hb (No l'Jig) 

lb. Table of amphiboles typical of the alkol ine group 

(<---l'Jiotz-326092 ->) OHZ(56) I I im 
Element (t:~t%) core I nt Rim No.3 91980 

Si02 43.13 42.97 42.94 48.87 42.78 
Ti02 2.72 2.89 3.01 1. 72 1.32 
Al203 7.21 5.97 6.22 3.86 4.81 
Fe203T 22.30 29.27 28.62 24.00 33.47 
MnO 0.82 1.18 1. 12 1. 52 0.67 
MgO 6.55 2.64 2.68 6.13 0.52 
CoO 10.48 8.33 6.23 5.02 6.89 
No20 3.43 4.29 5.46 6.52 4.64 
K20 1.53 1. 77 1. 78 1 .03 1. 71 

Nome FEdHb FEd kat Kat kot 

~. Table of amphiboles typical of the perolkol ine group 

Molz Motz (Motz 304185) OHZ{57) I I im 
Element <~t%) 304758 304052 Core Rim No.11 91980 

Si02 47.97 48.76 46.99 48.14 48.41 47.07 
Ti02 0.96 0.73 0.81 0.86 1.32 0.54 
Al203 2.18 1. 63 3.09 2.57 1. 81 2.50 
Fe203T 26.89 30.98 33.34 34.18 .. 34.00 34.00 
MnO 1.46 1.04 1.14 1.00 0.75 0.61 
MgO 4.64 1. 92 0.91 0.91 0.06 0.13 
CoO 3.25 2.88 2.69 1. 91 1. 18 1.85 
No20 7.46 7.44 7.64 8.09 7.34 7.75 
K20 1 .58 1 .59 1 .55 1 .55 1 .52 1. 70 

Nome Arf Arf Arf Arf Arf Arf 



dominant. Most commonly green kataphorite encloses (as a reaction rim) corroded and 

resorbed pale red-brown ferro- edenitc cores. (Table 3.4.8b ). 

Whilst arfvedsonite occurs as small ( < 1 mm) late-stage (secondary) minerals in many 

of the alkaline rocks, the per alkaline types contain primary crystals up to 20 mm in length 

(eg, 304052). These commonly display a pleochroic scheme from very deep blue to pale 

straw-yellow and are often mantled by secondary aegirine (eg, 304185), (Table 3.4.8c). 

3.4.5 Feldspar and Biotite 

A number of electron-microprobe analyses were taken from these minerals3 (A4.4 and 

A4.5). They have proved of little discriminatory value because of their narrow range of 

compositions and in the case of the feldspars, perthitic nature. 

Petrographically the feldspars occur in several different forms, which are described 

for each rock type in the following rock-unit chapters. Essentially, all are 'hyposolvus' 

alkali-feldspars (Tuttle & Bowen, 1958) showing varying degrees of unmix.ing and have 

bulk compositions ofroughly equal proportions Na and K (mol% K- Na- Ca). Cryptop

erthites, microperthites and coarse patch-perthites all occur in Motzfeldt (nomenclature 

from Parsons, 1978). Very commonly the feldspars show cryptoperthitic (sometimes 

braided) cores with 'coarser' microperthitic texture toward the rims (see Brown, Becker 

& Parsons, 1983). The Laminated alkali syenite is notable in that feldspar laths which 

were poikilitically enclosed by amphibole are generally cryptoperthitic whereas those 

'outside' are coarsely perthitic. This suggests the importance of late-stage fluid inter

action as postulated by Parsons (1978, 1980)1 Parsons & Becker (1986). The peralkaline 

rocks of Motzfeldt particularly the Lujavrites and those belonging to the MSF-Peralkaline 

microsyenite suite contain prominant patch-perthites with microcline generally occupy

ing the core of the crystal. Analyses of these feldspars (A4.4, crystal nos. 123 & 124) 

show how pure these 'end-member' compositions can be. The only rock-type measured 

3 spot analyses only 
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by the author to contain significant amounts of Cain the the feldspar was the hypoal

kaline GF-Pulaskite l c.5 mol% in K - Na - Ca). Jones (1980), had previously shown 

that Ca-ricl1 cores occurred not only in SM5* (larvikite ring-dyke) but also in the SM5 

(FDF-Nepheline syenite). In all cases the whole-rock REE normalised data show positive 

Eu anomalies (see Chapter 8). 

Biotite is found usually as rims to opaque oxides or in matted swathes associated with 

the breakdown of amphibole crystals. 'Metasomatic' biotite occurs as coppery flakes in 

trachytic supracrustal rafts contained in FDF-Nepheline syenite of C Motzfeldt and is 

developed in syenites adjacent to enclosed rafts of Julianehab granite (ie, near Camp 15, 

S Motzfeldt). For geochemical considerations see Jones (1980). 
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3.5 lfntroduciion to thee §trruch.tlr<e and country 1rock 

3.5.1 Introduction 

The Motzfeldt Centre is a high-level, nested pluton. In plan view the Centre only par

tially displays the 'typical' ring pattern of outcrop. Tllis is because at present the centre 

is exposed close to the complex roof zone of the intrusion. Deep glaciers, however, have 

in places, dissected the area to approximately 1.5 to 2 km below the roof surface. The 

Centre was emplaced passively. ~Large scale block subsidence, directly related to transten

sional stresses in the region (see Part Four) facilitated the rise and accumulation of the 

alkaline magmas. This accumulation took place at the Julianehab Formation/Eriksfjord 

Formation unconformity. The sequence of Plates (3.4 to 3.11) show the overall structure 

of the area and the general relationships between the rock units 

3.5.2 Country rock 

This study has placed little emphasis on the country rocks surrounding and occurring 

as xenoliths within the Centre, and therefore for detailed description the reader is referred 

to previous studies by Emeleus and Harry, 1970; Jones, 1980 and more recently, Larsen 

and Tukiainen (1985). 

Jones (1980), suggested that the units are part of the llimaussaq Volcanic Member 

(Poulson, 1964). Larsen and Thkiainen (1985), however have correlated the in situ section 

of Eriksfjord Formation around Motzfeldt, (which essentially consists of a lower sequence 

of sandstone, resting unconformably on the Julianehab Formation with an upper sequence 

of mixed sandstone and volcanic rocks rich in agglomerates), with the Majut Sandstone 

Member and Mussartiit Volcanic Member respectively (Poulson 1964). The latter is 

characterised by the occurrence of carbonatites and ultramafic volcanics, and indeed the 

first and largest intrusion of the Motzfeldt Ring Series, the Motzfeldt S0 Formation, 

contains many basic and carbonatitic rafts (Plate 3.3a), see also chapter 5). The outer 

regions of this Formation (MSF-Altered syenite) also display signs of interaction with 

the quartzites. Most outer areas are unusually high in silica with some showing clear 
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granoblastic quartz ( eg, 304068) and others interstitial free-quartz. The later intrusions 

of the Flinks Dal Formation similarly contain great subhorizontal supracrustal rafts, up to 

3 km in length. These however are predominantly oftrachyte and phonolite composition, 

and the surrounding nepheline syenites show little or no interaction with quartz bearing 

rocks. From this it is concluded that the Motzfeldt Sill Formation incorporated through 

subsidence, stoping and assimilation, most of the Majut and Mussartiit members, while 

the Flinks Dal Formation members penetrated beyond the Motzfeldt Sill Formation roof 

and into a higher supracrustal sequence. If the Eriksfjord Formation succession was 

reduced in this eastern region1 then this higher sequence is almost certainly part of the 

Ilimaussaq Volcanic Member (as suggested by Jones (1980) on trace element geochemical 

considerations), which was proportionally lower in sandstone and higher in more evolved 

lavas. Jones (op. cit.) also noted the geochemical similarity between the evolved lavas 

and the plutonic units of Motzfeldt and suggested a generic relationship. The Motzfeldt 

Centre may therefore be yet another example of a pluton intruding into its own ejecta 

( cf: Myers 1975). 

3.5.3 Contact relations 

The outstanding three-dimensional exposure of Motzfeldt exhibits dramatically many 

of the roof and internal contact relations (Plates 3.3 to 3.11 ). Many of these features can 

be compared with those described by workers in the great batholiths of the Andes ( eg. 

Knox, 1974; Pitcher, 1977; Cobbing et. al. 1981). Unfortunately, because Motzfeldt is 

exposed around its roof zone, there is little indication of the elusive 'floors' to the intrusive 

units ( cf; Buddington, 1959) although detailed study at low elevations in Motzfeldt, S of 

the Flinks Dal Fault may prove to be very informative. 

i. The external roof 

The roof contact is convex upward and penetrates into the Eriksfjord Formation in 

central parts of the pluton {Plate 3.5) but remains roofed by the Julianehab Formation 

1 as envisaged by Jones, (1980) 
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along its flanks (Plate 3.4) The greatest thickness of in situ Eriksfjord Formation in 

contact with the Centre is c.800 m and is exposed in the 1696 m cliff in NE Motzfeldt 

(Plate 3.5) The supracrustal rocks at this position however are dipping SW at c.45° and 

therefore, this rotated block gives an unusually large thickness. The c.300 m of Eriksfjord 

Formation which is in contact with the Motzfeldt S121 Formation in NE Motzfeldt on the 

1487 m hill probably gives a more reliable figure for the maximum penetration above the 

planar surface. 

ii. The Internal contacts 

Internal contacts between the syenite units are invariably sharp, outwardly dipping 

and steep to very steep. Accidental inclusions are abundant and are good indicators 

of younging. Chilled margins occur in units of the Flinks Dal Formation whereas an 

increase in pegmatitic development is a characteristic of the external contacts of the 

Geologfjeld and Motzfeldt S121 Formations. Detailed contact relations between the units 

are discussed more fully in the following chapters. Of note however, are the two complex 

roof zones of NE Motzfeldt and SW Motzfeldt. In both cases the roof is of an earlier 

syenite. In NE Motzfeldt the Motzfeldt 8121 Formation is partially roofed and walled 

by the Geologfjeld Formation, which is itself roofed by the Julianehab Formation. The 

subsidence related to the emplacement of the Motzfeldt S121 Formation has repeatedly 

fractured the GF-Geologfjeld Syenite along subhorizontal planes which parallel its own 

roof contact. As this block foundered the sequence of fractures was utilised by the 

vast number of microsyenite sheets (over 100 individuals) which were extended from the 

volatile rich Motzfeldt S121 Formation (Plate 3.11). In SW Motzfeldt it is suggested that 

a similar situation may have developed involving lujavrite sheets which extend from the 

Flinks Dal Formation into the older neighbouring MSF-Nepheline syenite. 

3.5.4 Faulting 

Faulting in the Motzfeldt region occurred in response to left-lateral wrench stresses 

which affected the whole of the Gardar Province (see Chapter 9). The structures present 

are strikingly similar to those predicted using clay modeb i11 left-lateral, simple shear, 
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stress regimes (Wilcox et al., 1973; Fig 9.1.2). Bisecting the Centre, is the sinistral strike

slip Flinks Dal Fault. Approximately 6 km of lateral movement has been demonstrated 

along this fault {Tukiainen, 1981; Bradshaw, 1985). On a regional scale this fault is 

an arm of the major strike-slip structure referred to in Part Four as the Qagssiarssuk 

Fault, which extends through South Qoroq, the Qagssiarssuk region and across the whole 

Gardar Province (Fig. 9.1.1). Vertical movement along the Flinks Dal Fault is at least 

400 m (probably, 700 m), downthrow to theN (cf: Jones, 1980). This is indicated by the 

elevation of the Julianehab Fontlation/Eriksfjord Formation unconformity which is found 

generally above 1700 m S of the fault and at approximately 1300 m to the N. Furthermore, 

investigations of the Flinks Dal Formation units (this work, Chapter 6) on either side of 

the fault inC Motzfeldt, also confirm this movement. In theSE the South East Motzfeldt 

Fault (Tukiainen, 1986b) is a WNW-ESE sinistral, strike-slip fault which is an arm of 

the Flinks Dal Fault. Movement is in the order of 1 km (horizontal left-lateral) and 100 

to 200 m down throw to the N. On a theoretical model of left-lateral wrench faulting 

(Fig 9.1.2) the South East Motzfeldt Fault and the Flinks Dal Fault represent secondary 

synthetic shear and synthetic shear faults respectively and are exactly the structures 

predicted from simple shear conditions (see also Stephenson, 1976a). Associated with 

this stress system, both theoretically and in Motzfeldt are ENE-antithetic shear faults 

which have relatively small ( < 100m) dextral displacements (if any). In Motzfeldt these 

faults, although representing minor displacements have had a profound effect on the 

topography of the area, and are depicted now by numerous linear 'v'-shaped valleys. 
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Plate 3.1 

a . 

EF-Quartzite. NE Motzfeldt. Showing cross-bedding and ripple marks. 

(CB.82.C.06.01 ) . 

b. 

EF-Siltstone. NE Motzfeldt. Probably lacustrine sediment with medium and 

fine layers, infilled mud cracks and occasional graded beds. 

(CB.82.C . 06.03). 



Plate'· 3.2 

a. 
Volcanic plug. NE Motzfeldt. The plug intrudes EF-quartzite and 

contains sub-rounded blocks of basalt, quartzite and granitic rocks in a 

coarse tuffaceous rna t rix. ( CB.82 .C. 05.32). 

b. 

EF-Agglomerate. NE Motzfeldt. Well rounded blocks of quartzite 

predominate. (CB.82.C.l3.02). 



Plate 3.a .. ] 

a. 

EF-Basalt/agglomerate raft in MSF-Altered syenite E Motzfeldt. View N of 

cliff face overlooking Sermia qiterdleq. Only the upper half of the raft 

is shown. The raft is over 400 m in length and 100 m thick. 

(CB.82.C.05.06). 

b. 

Trachytic raft in FDF-Nepheline syenite. C Motzfeldt. Close view showing 

net veining and brecciation by syenite material. (CB.82.C.09 . 15). 



a. 

View SW across the south end of Motzfeldt 80, showing the west facing 

c 1 i ffs of S Mot zfe ld t and 'Gieseckes Dal' beyond. (CB.84.C.07 .08). 

b. 

View NE from C Motzfeldt across the glacier Avanardleq to the mountain of 

Geologfjeld, NE Motzfeldt. (CB.82.C.l3.17). 



I ·Plate 3.5 

a. 

View north across Motzfeldt S¢ to NE Motzfeldt. The glaciers Avanardleq 

(left) and Qiterdleq (right) terminate and calve into Motzfeldt So. Camp 

10 was situated on the marginal moraine of Qiterdleq, centre right of 

photograph. ( CB.84.C. 07.1 0). 

b. 

View NW, showing the northern tip of SE Motzfeldt (foreground), NE and C 
( ' 

Motzfeldt (middle) and NW Motzfeldt (background). (CB.82.C.02.04). 



L' Plate . 3.6 

View E along Flinks Dal with the mountains of NE Motzfeldt in the 

distance. Camp 12 (alt. 750 m) was situated beside the lake seen in the 

centre of the photograph. (CHE.62 .. C.01.37). 

b. 

.S 'hu.hf ;>or' Jet'(.' ~.·c. 
~ P,od.s,ott;ta. 
~;crora U\;f:a. 

MSF~M.Wotl. 

View north of the area ~round Camp 2 in SE Motzfeldt. The camp (alt. 

1175 m) was situated at the northern end of the plateau. 

(CB.~2.C.Ol.26). 



a. 

The west facing cliffs of SE Motzfeldt. Viewed from the south end of 

Motzfeldt 80. Camp 15 (alt. 180 m) in the foreground. 

(NJGP.84.C.l5.16). 

b. 

Sketch showing the concentric ring structure of the syenite units as seen 

in the photograph above. The cliff section is approximately 6 km long and 

1 km to 1.3 km high. (Drawing by Joan Collins). 



~late · 3.8 . 1 

a. 

View NW from C Motzfeldt across Qorqup sermia to NW Motzfeldt and 

Mellemlandet. Camp 17 (alt. 490 m) was situated beside the lake seen 

left of centre in the picture. (CB.82.C.09.13). 

b. 

'View ESE across Qorqup sermia to the northern tip of C Motzfeldt. 

(CB.84.C.02.17). 



a. 
View west from E Motzfeldt along Sermia qiterdleq and across Motzfeldt 

8(11. The mountains of S Motzfeldt are in the distance. (CB.82 .C.04.17). 

b. 

View WNW showing the plateau area ~of NE Motzfeldt with the Flinks Dal 

fault zone in the foreground. The geologist is standing on red MSF -

altered syenite. (CB.82 . C. 04.10) . 



95""' • I 

View N showing 'lower Flinks Dal' (foreground) and C Motzfeldt (west) beyond. Camp 

11 (alt. 255 m) can be seen in the low-middle of the picture. (CB.84;.C.04.32) and 

(CB.84.C.04.31). 
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Panoramic view of NE and SE Motzfeldt viewed E from C Motzfeldt showing clearly 

the great valleys of Storeelv and 'Ljer elv'. The authors camp sites in NE Motzfeldt are 
indicated. 
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CfutapieiL 4 = Tllite Geoliogfjelidl JFoJrmation 

4.ll. lintrodluciion 

The Geologfjeld Formation comprises a group of syenites (sensu lato) which represent 

the earliest plutonic intrusive members of the Motzfeldt Centre. They are satellite intru

sions which pre-date the main ring-centre units known as the Motzfeldt Ring Series. The 

Formation includes the satellite of 'North Motzfeldt syenites'; NMl and NM2 of Emeleus 

and Harry (1970) and the Geologfjeld syenite of Bradshaw and Tukiainen (1983). The 

Formation is divided into 3 members, each more undersaturated than the last, namely 

(oldest to youngest); GF-Geologfjeld syenite, GF-Pulaskite and GF-Nepheline 

syenite. Characteristically the members are white to pale-grey in colour and host very 

little radioactive mineralisation. All have been truncated by the younger syenites of 

the Motzfeldt Ring Series, which geographically separates the Geologfjeld syenite from 

the North Motzfeldt Satellite. It seems probable that these syenite bodies were orig-

inally part of the same, roughly concentric, internally overlapping, multiple intrusion. 

Although the Formation now occupies an area totalling some 20 km2 , an area of at least 

equal size was probably removed by the emplacement of the Motzfeldt S!ll Formation. 

The petrography and geochemistry of the GF-Geologfjeld syenite is very similar to the 

GF-Pulaskite. They are unequivocally closely related and may in fact belong to the same 

syenite body, now 'cored' out (and consequently separated) by the GF-Nepheline syenite. 

They are also the least evolved major intrusions in Motzfeldt and are classified here as 

hypoalkaline syenites (see section 3.3). The chemistry is typified by the predominance of 

Ca - amphiboles and pyroxenes, low concentrations of incompatible elements and high 

levels of Ba and Sr. The GF-Nepheline syenite although more evolved (alkaline), still 

contains relatively low concentrations of incompatible elements1with mean values roughly 

half those found in the nepheline syenites of the Motzfeldt S0 and Flinks Dal Formations 

(see section 8.1.4). 
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Thus the Geologfjeld Formation is physically and chemically distinct from the main 

igneous phase the Motzfeldt lling Series. 

4.2 The GeoDogfjelld Syenite 

4.2.1 Rock character and structure (Plates 4.1 & 4.2a) 

The syenite is striking in appearance by virtue of its pale white-grey colour a.nd 

its small and large scale homogeneity ( cf: samples 304160 and 304159). The rock is 

a very coarse, subhedral granular syenite composed essentially of alkali feldspar, calcic 

amphibole and pyr0xene with accessory Fe-Ti oxide and apatite. The rock is silica 

saturated and hypoalkaline. Mafic minerals occur as clot-like 'corona' aggregates 5 to 10 

mm in size and commonly show signs of high temperature alteration. The mafic minerals 

are evenly distributed throughout the rock and comprise c.20% of the mode. The coarse, 

bladed feldspars are subhedral, randomly oriented and up to 3 em in length. 

The GF-Geologfjeld syenite now occupies an area of approximately 12 km2 and con

sists of a 'sheet-like' body some 500 m thick. This body dips 25-30° NE and is sandwiched 

between the roofing Julianehab Formation above and the undercutting Motzfeldt 80 For

mation below. 

The bulk of the syenite unit is very coarse and extremely homogeneous. Radioactive 

mineralisation is very low except where contaminated by younger intrusions. The unit 

in NE Motzfeldt has been intruded by a vast swarm of microsyenite sheets belonging to 

the Motzfeldt 80 Formation (Plate 3.11 ). 

4.2.2 Field Observations. 

i. NE Motzfeldt. 

The syenite composes much of the ground between the valleys of Storeelv and Lejr 

elv. In the S facing cliffs of Storeelv the Geologfjeld syenite is roofed by granite-gneiss 

of the Julianehab Formation. This contact is clearly exposed, convex upward and dips 

25-30° NE (Plate 3.4b ). Southward from Storeelv the syenite caps a high mountainous 

26 



WSW-ENE ridge that rises to 1482 m. Eastward along this ridge the unit is roofed by 

EF-quartzites and basalts. The S facing cliffs of this ridge provide an excellent (although 

inaccessible) cross-section through the Geologfjeld Formation/Julianehab Formation and 

Geologfjeld Formation/Motzfeldt S~ Formation contacts, (Tukiainen, 1985, Fig. 3.a). 

The pale syenites of the Geologfeld Formation are clearly truncated downwards by the 

intrusion of the younger red syenites of the Motzfeldt S~ Formation. These red syenites 

extend farther Ethan the GF rocks and are themselves roofed by the Eriksfjord Formation 

succession. The Geologfjeld Formation/Motzfeldt 80 Formation contact dips roughly 30° 

NE. In theW facing cliffs between Storeelv and Lejr elv, overlooking Motzfeldt S~, this 

relationship is hidden by the very thick(> 500m) sequence of sheet intrusions which com

prise the MSF-Peralkaline Microsyenite Suite. The 'type' GF-Geologfjeld syenite is best 

exposed in the south facing cliffs of Storeelv and above the topmost microsyenite sheets 

of the Peralkaline Microsyenite Suite (Plate 3.4b ). Within the sheet sequence the screens 

of Geologfjeld syenite show varying degrees of alteration ( cf. 304172 & 304146). The 

extent of this alteration is dependent upon the composition of the adjacent microsyenite 

(see section 5.4). Where these effects are only slight, pale blue cores and pink rims to 

the feldspars depict clear zonal variation ( eg, 304153). Mafic minerals are also distinctly 

'fuzzy' in appearance. Very thin screens of syenite show a hard 'baked' character (eg, 

304750) whereas others commonly display varying degrees of brittle micro- fracturing. 

The exact position of the Geologfjeld Formation/Motzfeldt S~ Formation contact in the 

area around camp 9, is unresolved. However, examination of the lower levels of the Ge

ologfjeld syenite in this area show that the 'type' rock grades rapidly downwards from 

a coarse, homogeneous nepheline-free syenite through a zone approximately 20 m wide 

of pink-brown syenite with nepheline (Plate 4.2a), into a pink-brown feldspar laminated 

variety also with conspicuous ( c.lO%) nepheline. The westward extent of this syenite is 

obscured by the ring dyke of laminated Porphyritic syenite. 
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ii. NW Motzfeldt 

The Geologfjeld syenite is of restricted occurrence. A narrow wedge ( < 600m wide) 

is roofed by Julianehab granite to the north and is clearly truncated by syenites of the 

Motzfeldt S111 Formation to the South. The Geologfjeld Formation/Motzfeldt 80 For

mation contact is well exposed in places and is found to be sharp (Plate 5.5b) with 

several pegmatitic apophyses extending into the Geologfjeld syenite. The rocks exhibit 

contrasting weathering behaviours; near the contact the Motzfeldt 80 Formation is red 

coloured, competent and durable, whereas the paler Geologfjeld syenite is friable due 

to brittle microfractured feldspars and the altered character of the mafic minerals. Al

though the older syenite is stained over a 10 m zone, the characteristic white colour 

of the Geologfjeld syenite is rapidly resumed away from the contact (Bradshaw, 1985). 

This suggests that the rock was consolidated and therefore essentially impervious to the 

volatile phase that hematised, altered and mineralised the syenite of the Motzfeldt S¢ 

Formation. (Tukiainen et al., 1984). Due to the close proximity of the Julianehab For

mation roof the syenite in NW Motzfeldt displays a patchy variation in grain size (Plate 

4.1b ). Commonly developed are coarse lenses up to 50 em in size. The increase in grain 

size is gradational with no change in mineralogical composition (cryptic changes have 

not been investigated). Although, pegmatitic segregations are not fully developed, it is 

clear that this contact region was one of relative volatile enrichment. 

4.2.3 Petrographic features (Plate 4.4a) 

This is an homogeneous, leucocratic, subhedral-granular rock consisting of very 

coarse, equigranular mesoperthitefantiperthite and medium to coarse, clustered mafic 

minerals. Randomly oriented subhedral alkali feldspar (c. 10 x 6 x 4 mm) forms the 

greater part of the rock. A coarse interlocking mesoperthitic texture is always apparent, 

comprising clear lamellar twinned albite with subordinate slightly turbid microcline. The 

latter, which often displays fine-scale cross- hatch twinning, occurs not only intimately 

interwoven with the albite, but as rounded, irregular 'relics' upto 3 mm in size within the 
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large feldspar crystals. Crystal boundaries are commonly sutured and embayed and of

ten seem to have partially corroded adjacent amphibole crystals. Late-stage albitisation 

therefore appears to have played an important role. Small ( < 0.5 mm) altered nepheline 

occurs occasionally (less than 2%) as discrete irregular blebs in the feldspar. The feldspar 

chemistry in the norm (Table A3.2) gives a bulk composition of An 4.2, Ab 51.4, Or 44.4. 

This is probably a good approximation, except that the An content is too high due to 

the high AI content of the amphibole. The mafic minerals display synneusis texture 

and commonly show corona structure. The early formed subhedral clinopyroxenes (3 to 

5 mm in length) are zoned salites and ferrosalites, coloured very pale mauve and pale 

apple green respectively. Slight pleochroism in these shades is usual. Calcic amphibole 

is present in amounts roughly equal to those of pyroxene (5 to 10%), occuring as indi

vidual subhedra up to 6mm in length, or more commonly as subhedral grains mantling 

and enveloping the pyroxene, oxide and apatite. The distinctive deep red-brown to pale 

yellow-brown pleochroic scheme is very consistent throughout the unit. Strong zonation, 

both optical and chemical, is restricted to the outer margins of the crystals where the 

colour changes to a deep green or deep green-brown. The amphiboles are very similar 

to those described by Ussing (1912) as barkevikite from the augite syenite of Ilimaussaq 

which were later renamed kaersutite by Fergusson (1969). Using Leake's nomenclature 

these 'barkevikites' prove to be predominantly deep red-brown hastingsitic hornblendes 

with deep green hastingsite rims (Fig 3.4.5c). 

Apatite is the earliest formed mineral and is a consistent accessory occuring as small 

(0.1 to 1mm) individual prisms, enclosed almost exclusively within mafic clusters. Fe-Ti 

oxide similarly is closely associated with the clusters. Grains vary considerably in size: 

from 0.1 mm to 3 mm. All sizes may be mantled by amphibole but only the smallest 

appear enclosed by pyroxene. Rounded, iron-stained and corroded psueodomorphs after 

olivine are rare. Where the syenite has been thermally affected by later intrusion (eg, 

304146) deep-brown to yellow-brown biotite has developed. This forms matted swathes 

around the oxide and amphibole, and granular aggregates confined within the amphibole. 

Green chlorite is associated occurring around and along fractures of the less altered 
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pyroxene. Sphene has occasionally developed with the concurrent break down of Fe-Ti 

oxide and Ca-amphibole. The feldspar shows finely disseminated sericitic alteration and 

extremely sutured crystal boundaries. 

4.3 GF-JP>ulaskite 

4.3.1 Rock character and structure (Plate 4.2b) 

The rock is medium-coarse grained, subhedral granular, pale grey to white in colour 

and is typically massive and homogeneous. Mafic minerals occur as stout prisms 3 to 

10 rom in length and are evenly distributed throughout the rock (15%). Randomly 

oriented, subhedral-blocky feldspars up to 10mm in length comprise the bulk of the 

rock. The individual feldspar crystals are difficult to distinguish but commonly have 

pale translucent cores and milky white rims. In thin section, analcite is a common (5 to 

10%) interstitial accessory mineral. 

4.3.2 Field observations. 

Because this unit is largely cored-out by the GF-Nepheline syenite, their combined 

field relationships are described in section 4.4.2. 

4.3.3 Petrographic Features (Plate 4.4b ). 

This rock is extremely similar petrographically to the GF-Geologfjeld syenite differ

ing mainly in the increased amount of feldspathoid present. In the samples analysed 

normative nepheline content is always between 5 and 10%. The feldspathoid in the mode 

may be either analcite alone or analcite and nepheline. Analcite occurs as clear, fresh 

interstitial crystals, 0.4 to 3 rom in size, which may be isotf>pic or, as is more frequent, 

have very low, deep grey (often anomalous) birefringence. In one sample examined, 

(58352) analcite is found surrounding a euhedral but altered nepheline and is clearly a 

later phase. Nepheline is always rare and it is difficult to determine whether the analcite 

is its replacement or a separate late- primary or secondary phase. Interestingly, specimen 

58352 also contains a large (3 rom) isolated crystal of idocrase. 
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4.4 GJF-Nepheline syenite 

4.4.1 Rock character and structure (Plate 4.3) 

This pale, pink to grey syenite is characterised by the consistent development of 

small, coarse grained drusy patches in a medium grained matrix. The coarse areas, 2 

to 10 em in diameter, contain randomly oriented euhedral tabular feldspars up to 5 em 

in length, interstitial dark minerals (15%) and abundant red to white nepheline (25%). 

The medium grained equigranular matrix is of similar texture and composition. 

4.4.2 Field observations. 

The combined outcrop of the two units GF-Pulaskite and GF- Nepheline syenite is oval 

in plan with a long axis of 8 km running SW-NE and a NW-SE short axis approximately 

6 km in length. The GF- Nepheline syenite comprises the bulk of the outcrop and has 

'cored out' the earlier GF-Pulaskite, restricting it to a marginal band some 200 to 600 m 

wide. The GF-Nepheline Syenite is abruptly truncated westward by the syenites of the 

Motzfeldt S0 Formation. This relation is clearly exposed (although inaccessible) in the 

south facing cliffs, on the E side of the small triangular glacier 1300 m SE from Camp 8. 

The contact is sharp dipping very steeply (75-80°) E striking approximately NNW-SSE. 

The arcuate band of GF-Pulaskite is reached approximately 1.3 km E of Camp 9. The 

GF-Nepheline syenite/GF- Pulaskite contact is generally poorly exposed but is marked 

by a distinct arcuate valley, concave westward. The contact is best exposed, on the 

1233 m hill 1.2 km SE of Camp 4. The nepheline syenite becomes dense, medium-coarse 

grained and poor in nepheline ( eg, 304048). The characteristic 'drusy' texture is not 

developed, mafic minerals remain small in size ( < 2 mm) and occasional phenocrysts of 

feldspar can be seen. The unit sends aplitic veins into the adjacent pulaskite. The GF

Pulaskite/Julianehab Formation contact occurs as a positive ridge feature approximately 

600 m farther E. Close to its outer contact, the pulaskite becomes inhomogeneous and 

develops coarse pegmatitic patches with localised red staining. In addition, the diorites 

of the Julianehab Formation, near this contact have suffered extensive, although local 
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fenitisation and are intruded by veins and apophyses of pulaskite (ie, 350 m E of Camp 

4). 

750 m E of Camp 4 the GF-Nepheline syenite contains prominent red- brown rafts (c. 

30 x 20m) of trachytic lavas and agglomerates belonging to the Eriksfjord Formation. 

This whole area occupied by the GF-Pulaskite and GF-Nepheline syenite (Plate 1.4a) 

is well summarised by Emeleus and Harry (1970) ... "The ground occupied by the North 

Motzfeldt syenites is high but generally undulating. An exception to this is the prominent 

hill (1300 m) within NM.2 which rises several hundreds of metres above the sea of boulders 

derived from the in situ disintegration of the syenites." 

4.4.3 Petrographic features (Plate 4.5) 

The primary minerals found in the rock include perthitic alkali feldspar (c.55%), 

nepheline (c.25%), Na-Ca amphibole (c.10%) and Na-Ca clinopyroxene (c.5%). Ac

cessories include analcite, small amounts of Fe-Ti oxide, apatite and fluorite with the 

secondary minerals gieseckite and biotite. 

Texturally the rock is consistent, having a coarse subhedral-'intergranular' character. 

Discrete, randomly oriented, lamellar feldspar crystals ( c.6 x 3 x 2 mm) form a framework 

to the rock, with mafic minerals and nepheline confined to interstitial a.reas. No lami

nated foyaitic texture is developed, instead however, rounded pegmatitic segregations are 

common and characteristic (see also field description). The feldspars are perthitic and 

show well developed simple twins. Individual crystals are distinct and 'lath'-like, com

monly over 6 mm in length. Unlike the alkali-feldspar which is cloudy in plane polarising 

light the equant nepheline subhedra are generally clear although often partially altered 

to a white micaceous mineral (gieseckite). The crystals range in size from 2 to 5 mm, are 

evenly distributed, and are often 'sub-ophitic' to the earlier formed feldspar. Mafic min

erals tend to occur as isolated, poorly formed subhedra less than 3mm is size. The ratio 

of pyroxene to amphibole may vary from specimen to specimen, however the latter is nor

mally dominant. In common with all nepheline syenites from the 11otzfeldt Centre, the 
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mafic mineral content shows a wide range of composition and very strong zonation. The 

pyroxene may be zoned from very pale mauve/pale green ferrosalite to dense grass-green 

aegirine-hedenbergite, however it is the latter pyroxene which dominates. In addition, 

less common green aegirine is found as small late crystals. The dominant amphibole is 

a very deep green to brownish-green katophorite with subhedral crystals ranging from 1 

to 4 mm in size. Some crystals have paler brownish cores of ferroedenite. 

4.5 Sodalite nepheline syenite (Formation uncertain) 

This rock was originally discovered in 1982 in SE Motzfeldt (Bradshaw & Tukiainen, 

1983) and was thought to be a remanent of a satallitic stock belonging to the Geologfjeld 

Formation. Subsequent field work has shown this to be unlikely (Bliksted, 1984 - GGU: 

field notes) and that the rock 'body' belongs to the MSF-Altered syenite. 

As the name suggests the rock is characterised by the presence of primary and con

spicuous sodalite (Photos 3 & 4 of Bradshaw & Tukiainen, 1983). The rock is subhedral, 

equigranular, medium-coarse grained and of pale pink-grey colour. It is comprised of 

pale grey-blue sodalite approximately 4 mm in width, red nepheline (3 to 5 mm), alkali 

mafic minerals (3 to 6 mm), and alkali feldspar ( 4 to 8 mm) in length. The modal volume 

proportions are about 15,12,10 and 60% respectively. 

The rock is remarkably fresh 1 and forms an in situ exposure of limited extent ( c.40 m x 

10m) at an altitude of 1510 m, 0.8 km SW of the 1739 m peak. The syenite appears to be 

truncated upwards at an altitude of 1550 m by the cross-cutting, suhorizontal, Poikilitic 

arfvedsonite microsyenite sheet (Bradshaw & Tukiainen, 1983). Laterally the exposure 

is very limited and the exact relationships are unknown. Bliksted (1984 - GGU: field 

notes) found evidence, in loose blocks, that the rock gradually merges into the adjacent 

MSF-Altered syenite. 

This small but lithologically remarkable 'body' therefore represents a Cl rich pocket 

of magma which somehow remained largely unaffected by the deutericjhydrothermal 

1 particularly for that area of Motzfeldt 
-Frv..k j,_ +k ~"e.. - "'o~ ,...,.._,•ALro..U.,.~J. 
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alteration which stained and mineralised the surrounding rocks of the area. The rock 

probably belongs to the Motzfeldt Sl1S Formation and not the Geologfjeld Formation (cf: 

Bradshaw & Tukiainen, 1983). 
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a. 

Geologfjeld syenite. NE Motzfeldt (Storeelv) . Typical example. Very 

coarse, homogeneous and white in colour. Boulder 35 em tall. 

(CB.82.C.07.24). 

b. 
Geologfjeld syenite. NW Motzfeldt. Heterogeneous variety from roof 

zone. (CB.84.C.l2.14). 



l Plate 4.2 

a. 

GF-Geologfjeld syenite. NE Motzfeldt. Strongly 'baked' variety with up 

to 10% interstitial nepheline. Near MSF contact? (CB.84.C.03.23). 

b. 

GF-Pulaskite (NMl). NE Motzfeldt. Typical example, coarse, white and 

homogeneous. Interstitial analcite/nepheline difficult to distinguish in 

hand specimen. (CB . 82.C . 05 . 17) . 



j Plate 4.3 

a. 

GF-Nepheline syenite (NM2). NE Motzfeldt. Typical variety, showing 

characteristic pegmatitic segregations. (CB.82.C.l0 .11 ) . 

b. 

GF-Nepheline syenite (NM2). NE Motzfeldt. Close up showing similar 

modal mineralogy of the coarse patches and the finer matrix. 

(CB.83.C.01.20). 



Plate 4 .4 

GF-Geologfjeld syenite. NE Motzfeldt. (304160). Mesoperthite and mafic clus

ters comprising pale green salite/ ferrosalite, brown hastingsitic hornblende/ hastingsite, 

magnetite and small clear apatite crystals. P.L. 9 mm. 

GF-Pulaskite. NE Motzfeldt. (58352). Mafic cluster similar to above but closer view. 

The clear mineral right of centre is analcite which makes up 5 to 10% mode of the rock. 

P.L. 5 mm. 



l Plate 4.5 -- ~- --

GF-Nepheline syenite. NE Motzfeldt. (304055). X.P. 9mm. 

l 

·I 
.I 
l 

As above. P.L. Mafic minerals include dark-green katophorite and grass
green aegirine-hedenbergite. Feldspar laths and equant nepheline subhedra 
are easily distinguished. 



Chapter 5 = The Motzfeldtt S¢ Formation 

5.1 IIntroduciion 

This Formation comprises the major syenite body (SM1) of Emeleus and Harry (1970) 

and is the first intrusive phase of the Motzfeldt Ring Series. GGU-SYDURAN field 

mapping enabled the unit to be further divided (Bradshaw & Tukiainen, 1983). Three 

concentric members are described and include an outermost MSF-Marginal arfved

sonite syenite, an MSF-Altered syenite and an inner fresh MSF-Nepheline syen

iiie. The MSF-Marginal syenite and in particular the MSF-Altered syenite host exten

sive radioactive mineralisation and have therefore been subject to detailed investigations 

by the SYDURAN and PYROCHLORE teams. (Armour-Brown, Tukiainen & Wallin, 

1982; Tukiainen, 1986c). Within the fresh Nepheline syenite, however, mineralisation 

is largely restricted to fracture zones extending from the altered areas. Although the 

Formation is subdivided, the members belong to a single major intrusion of alkaline to 

peralkaline trachyte/phonolite composition and are the products of combined, in situ 

differentiation, country rock assimilation, and later deutericfhydrothermal modification 

(Tukiainen, Bradshaw & Emeleus, 1984). 

5.2 Marginal arfvedsonite syenite 

5.2.1 Rock character and structure (Plates 5.1 to 5.2a) 

This peralkaline rock is very distinctive, essentially comprising 'brick' shaped (and 

coloured), red, euhedral alkali feldspar (c.10 x 3 x 2 mm) and blue-black interstital an

hedral to euhedral arfvedsonite. Coarse mafic banding develops where the amphibole 

matrix varies in modal % per layer (Plate 5.1a). The mafic modal % ranges from 10 to 

60% within the unit. Within the more felsic bands feldspars form the framework and 

the amphibole is restricted to the interstitial areas. In the mafic rich bands, amphibole 

occurs as euhedral prismatic crystals, 3 to 6 mm in length, showing the same preferred 
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orientation as the feldspars (304052). Both phases are laminated parallel to the mafic 

mineral banding. In areas where the exposure is good the lamination is clearly par

allel to the Formation's outer contact and therefore may be the product of congelation 

accumulation of crystals against the chamber wall or roof (Bradshaw & Tukiainen, 1983). 

The MSF-Marginal syenite re~sents a discontinuous outermost facies to the Motzfeldt 

S!3 Formation and comprises an outer band, generally less than 500 m wide which is par

ticularly well developed at high elevations in NE Motzfeldt. In NW Motzfeldt and at low 

elevations in the NE and SE the marginal syenite occurs within the coarse MSF-Altered 

syenite as discontinuous patches of varying size. 

4.2.2 Field Observations 

i. NE Motzfeldt 

The marginal syenite is very well developed in a band approximately 300 m broad on 

the high ridge between the peaks 1443 m and 1487 m. Unfortunately only loose blocks 

are found, but they display very clear mafic layering (Plate 5.1h). The outer contact 

with EF- Quartzite to the E, is steep but poorly exposed. The EF-Quartzite shows 

little sign of disturbance or alteration. The MSF-Marginal syenite is also well exposed 

in a stream gully, 500 m S of Camp 8. The rock there (eg, 304165) shows moderate 

feldspar lamination (E dip 085°/345° strike) but poorly developed mafic banding. The 

feldspars are brick shaped, euhedral, red in colour and tightly packed ( c 10 x 6 x 5 

mm). The interstitial arfvedsonite (subhedral-anhedral) is accompanied by conspicuous 

rounded fluorite grains (1-2 mm). This rock grades rapidly westward into the coarse, 

red, feldspathic, hetrogeneous MSF- Altered syenite. Both the ridge and stream gully 

provide excellent profiles across the outer margins of the Motzfeldt S0 Formation. The 

Marginal/ Altered syenite contact is gradational but rapid over a zone of several metres, 

where the marginal rock quickly becomes feldspathic, hetrogeneous and very coarse. 
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From Camp 10, at the western margin of Sermia Qiterdleq, the Motzfeldt S¢ For

mation/Julianehab Formation contact can be examined at low elevations. The marginal 

'facies' is poorly developed. Here the red syenites are similar in mineralogy but have an ir

regular patchy texture with small arfvedsonite-rich clots 2 to 5 em in size. Low in the cliff 

face the syenite extends two, 3 m wide apophyses 50 minto the basement rock (diorite). 

The offshoots display distinct pegmatitic banding and mineral lamination, characteris

tic of the marginal facies. Sample 304710 is taken from a medium grained mafic rich 

band comprising stibhedral alkali feldspar and subhedral to euhedral, prismatic black 

amphibole ( 40%) 2-3 mm in length. Fluorite is a common accessory. 

ii. SE Motzfeldt 

It was thought that much of the high ground of this area was underlain by MSF

Marginalsyenite (Bradshaw & Tukiainen, 1983). More recent observations however have 

confirmed the widespread occurrence in the area of the Laminated porphyritic syenite 

(Bradshaw, 1985) which is extremely similar in hand specimen (see chapter 7). For in

stance, 3 km due S from Camp 2, a steep sided stream gully running NNW-SSE was 

thought to provide a clear section through the outer margins of the Motzfeldt S¢ Forma

tion. An arfvedsonite syenite forms a 500 m broad outer band in contact with Julianehab 

basement gneiss. The feldspars are clearly laminated (eg, 304028), and dip steeply S. Fo

liation in the gneiss also follows the same trend. Large (20 x 25 m) stoped blocks of gneiss 

occur enclosed within the syenite in this area. Accessory quartz commonly occurs in the 

marginal syenite and has almost certainly been derived from the adjacent Julianehab 

gneisses. However, in the high gound to the E of this area a PYROCHLORE field team 

(1984) found a massive country rock raft enclosed by similar arfvedsonite syenite. Above 

this raft the syenite was pale grey coloured and fresh, whereas below it was the typical1 

brick red colour. It was suggested that the pale grey rock had been protected by the raft 

from the upward migration of hydrothermal fluids which had so affected the rest of the 

unit (Bliksted, pers. comm. 1984). While this may still hold true, after investigation it 

1 typical of MSF-Marginal arfvedsonite that is 
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became clear that the grey rock was unquestionably the Laminated porphyritic syenite 

and identical to examples found further N in SE Motzfeldt, 1.5 km NE from Camp 2 (see 

section 7.3.2) as well as in NE Motzfeldt beside Camps 6 and 9. Further field investiga

tions are necessary to determine the relative extent of the two arfvedsonite syenites in 

the area. 

iii. NW Motzfeldt 

The MSF-Marginal syenite is only partially developed in this area. The rock plays a 

subordinate role to the coarse feldspathic altered syenite and forms a discontinuous outer 

band to the Formation. Locally, however the characteristic texture and mineralogy of 

the MSF-Marginal syenite are very well developed. A good example is found 2.5 km NE 

of Camp 16, where the rock (eg, 326651), close to the outer contact is a medium-coarse 

grained, mesotype, arfvedsonite syenite with laminated euhedral feldspars. Inwards, this 

rock grades (within 100 m) to a coarse feldspathic and pegmatitic syenite. 

iv. SW Motzfeldt 

Red tightly laminated syenite does occur near the outer contact in this area ( eg, 

326033, 1.5 km SSE of Camp 11). This rock, the 'Brown syenite' of Jones, (1980) needs 

further investigation as he showed it to have an intrusive relationship with the adjacent 

syenites. 

5.2.3 Petrographic Features (Plate 5.11) 

The rock is typically medium to coarse grained, mesotypic and consists essentially of 

subhedral to euhedral arfvedsonite (25 - 60%) and euhedral to subhedral antiperthitic 

alkali feldspar (70 - 35% ). The usual accessory minerals include, in order of abundance, 

fluorite, zircon, aenigmatite or opaque oxides and pyrochlore. In addition, very occasional 

crystals of Na pyroxene may be present. It has been previously suggested that the 
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rock is a product of congelation accumulation and crystallisation against the roof and 

sides of the chamber (Bradshaw & Tukiainen, 1983). In the field the rock may show 

distinct mineral lamination and also mineral layering on a 10 em scale (See Plate 5.1 b). 

The texture of the rock varies between these mineral layers. In feldspar rich bands 

the subhedral arfvedsonite is peripheral or occasionally subophitic to the well formed, 

laminated brick-shaped feldspar and ranges in size from 1 to 3 m. In mafic rich bands the 

arfvedsonite is subhedral to euhedral and 2 to 4 mm in length. The crystals are elongated 

and may show moderate to strong mineral lamination, which is invariably concordant 

with, and parallel to both the accompanying feldspars and the overall mineral banding 

( eg, 304052). Optically the arfvedsonite shows very little colour zoning which reflects 

their small within-qystal chemical variation (Fig 3.4.5a; Table A4.3). The pleochroic 

scheme and absorption are always intense and may be deep green to yellow green ( eg, 

304052) or very deep blue green to green (eg, 304165). Where complete extinction is 

seen the angle is small ( 0-3°) and birefringence almost completely masked by the body 

colour. A common feature to all sections examined is the resorbed and embayed or 

feather-like habit of amphibole when juxtaposed to feldspar. In addition, isolated islets 

of amphibole surrounded by albite are common and are in optical continuity with the 

nearby parent crystal. Thus suggesting a replacement origin for the antiperthite due to 

wholesale albitisation. The antiperthite itself is dominantly albite which shows striking 

lamellar twinning and is colourless and fresh in plane light. The K-feldspar occurs within 

the albite as coarse beads or patches often interlocking, and is easily distinguishable 

because of its lack of twinning and its mass of red powdery inclusions in plarr~ light. 

The feldspar is characteristically brick shaped (bladed) 5 to 10 mm in length and is 

consistently larger than the accompanying amphibole. Fluorite can make up between 5 

and 10% of the rock, occuring as very small inclusions in the amphibole or as equant 

isolated crystals 1 to 2 mm in diameter. Very occasionally tiny pyrochlore crystals which 

extend radiating fractures can be seen enclosed by the fluorite. Zircon is common (1-

3%), forming very distinctive isolated euhedra 0.1 to 0.3 m. Pale yellow-brown isotropic 
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pyrochlore of similar size is less common. Red aenigmatite occurs sporadically ( < 2%) 

as 1 mm anhedra and is always associated with the amphibole. 

5.3 MSJF-Altered Syenite 

5.3.1 Rock character and structure (Plates 5.2b & 5.5) 

The MSF-Altered syenite is characterised by its inhomogeneity. A consistent feature 

however, is the red colour. The syenite shows a whole range of textures from aplitic to 

pegmatitic and may be hololeucocratic to mesotypic. Typically the rock is alkaline to 

peralkaline in character, and silica saturated. Free quartz may occur near to the outer 

contact whereas nepheline (mainly altered) bearing varieties occur frequently near the 

fresh MSF-:Nepheline syenite contact (eg, 304778). The rock is usually coarsely felds

pathic with many very coarse pegmatitic patches. The MSF- Altered syenite occupies 

a broad ring outcrop (average 3 km in width) near the outer margin of the Motzfeldt 

ring series. SYDURAN mapping has shown the unit to be particularly complex with a 

broad radial zonation being apparent (Bradshaw & Tukiainen, 1983). Furthermore, the 

unit hosts a vast complex of pegmatite and microsyenite 'sheets'. This 'sheeted' complex 

known as the MSF-Peralkaline Microsyenite Suite extends from NE to SE Motzfeldt. 

Its overall cupola shape across this area possibly reflects the original 'bell-jar' shape 

of the original intrusion. Within the MSF-Altered syenite the 'sheets' exist as peg

matiticfaplitic, sub-horizontal segregations (Plate 5.4). That is, they do not have sharp 

intrusive relationships but rather undulating and concordant contacts. These sheet seg

regations are normally between 1 and 10 m wide and may be laterally consistent over 

several kilometres. They increase in frequency with elevation within the unit, but are still 

well developed some 1.5 km below the roof in the N and S facing cliffs of Sermia Qiterdleq 

(E. Motzfeldt ). Where the sheet- segregations extend beyond the unit, and into older 

syenite (eg, NE Motzfeldt) or country rock (eg, SE. Motzfeldt) they form swarms of sub

horizontal sheets and are clearly intrusive (see section 5.4). Also contained within the 
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unit are huge quantities of EF-Supracrustal material. Much of the EF-Basalts and EF

Pyroclastic succession remain as raft material, whereas the EF-Quartzite has been largely 

assimilated. This influx of siliceous material has caused wholesale silica saturation (and 

in places oversaturation) of the magma in this unit. Moreover, connate water derived 

from the Eriksfjord Formation has probably played a major part in the development of 

the pegmatite and the extensive hydrothermal alteration (see Chapter 8). The MSF

Altered syenite has been of particular interest to the SYDURAN and PYROCHLORE 

teams because it hosts the majority of U-Th-Zr-Nb-Ta-REE mineralisation in Motzfeldt 

(Tukiainen, Bradshaw & Emeleus, 1984; Tukiainen et. al. 1984). 

5.3.2 Field Observations 

L SE Motzfeldt 

2 km SE of Camp 2, red stained syenite is encountered on the lower slopes of the 

W facing ridge. The coarse brick red syenite is heterogeneous, with red aplitic lenses 

bordered by pegmatite a common feature. These lenses range in size from a few ems to 

1 m. Much of the local loose block debris is stained and sheared with black grey Fe/Mn 

oxide coatings. Sirri.i'lar rocks are encountered 100 m E from the 1402 m peak (1.5 km 

NE of Camp 2). Here MSF-Altered syenite occurs in shear zones which extend from the 

main MSF-Altered syenite body into the MSF-Nepheline syenite. The high radioactive 

counts of these zones indicate that mobilisation of mineralised fluids has probably been 

facilitated along late stage stress systems within the unit. Moraine of the adjacent plateau 

glacier which is almost totally composed of red stained MSF-Altered syenite also has 

many 'hot' red equigranular m.icrosyenite veins with dark grey aphyric centres (1 to 20 

em wide) (eg, 304032). These veins gave radioactive counts up to 8x the background 

level. A notable feature of the W facing ridge of the 1739 m peak (viewed from the W) is 

what appears to be very large (~ 20m) pale coloured blocks or rafts. Adventurous field 

work by a PYROCHLORE team showed these blocks to be pale trachytic lavas from the 

Eriksfjord Formation (Blikstead, pers. comm. ). Sinuously banded microsyenites and 
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syenites (Plate 5.4) were discovered on a helicopter reconnaissance to the NE margin of 

SE Motzfeldt at the foot of the N facing 1768 m cliffs (altitude 600 m ). The rocks are very 

distinctive with coarse pegmatite and mafic mineral layering that dips approximately 20 

degrees SW. The mafic phases include dark mica and black amphibole, the latter often 

poikilitic. The feldspar occurs as small bladed crystals (3-5 mm) laminated parallel to 

the layering. This syenite also occupies ground at low elevations on the opposite side of 

Qiterdleq glacier in E Motzfeldt. 

The MSF-Altered syenite of the high ground around 'Humbug-Brae' in northern SE 

Motzfeldt contains many xenolithic rafts of EF- Supracrustal. These include dark con

spicuous metasomatised tuffs and agglomerates (up to 300 m in length), carbonatitic 

knolls and EF- Quartzite. (The latter is restricted in occurrence to these very high lev

els in the magma chamber). The area is particularly rich in radioactive minerals and 

has consequently been studied in detail by the PYROCHLORE team (Tukiainen, 1986c; 

Morteani et. al., 1986). In the high ground S of the SE Motzfeldt fault the MSF-

Altered syenite is largely obscured by the sub-horizontal sheet of Poikilitic arfvedsonite 

microsyenite. 

ii. E Motzfeldt 

The red altered syenite forms the ridge (alt. 1100 m) that runs adjacent and roughly 

parallel to Qiterdleq glacier. The rock is massive, extremely fe4pathic and coarse. Spo

radic white fluorite crystals (1-2 em) are frequent and white quartz is a common accessory 

at high elevations in this area. In fact quartz veining is very much in evidence near the 

eastern contact with the JF- Julianebab granite, 150 m SSE of Camp 3. The most note

able feature along this ridge is the occurence of dark-green mafic metasomatised blocks 

of volcanic rock. These fragments cover a distance of approximately 100 m along the 

centre of the ridge. However, on helicopter reconnaissance of the S facing clffs of this 

ridge the fragments could be clearly seen to belong to a huge supracrustal raft some 400 
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m in length and 100 m deep. The raft is dipping at about 65° W and is enclosed and 

partially fragmented by the MSF-Altered syenite (Plate 3.3a). 

iii. NE Motzfeldt 

Best exposure of this unit occurs along the upper reaches of the stream valley of 

Ljer elv and the adjacent ridges. The heterogeneous syenite found on the ridge between 

the peaks 1443 m and 1487 m (3.5 km W of Camp 4) is particularly altered, with 

Fe-Mn coated irregular mafic areas consistently present (eg, 304053). The background 

radioactive count of these syenites is approximately 4x that of the MSF-Nepheline syenite 

and locally can be over lOx. Syenite of similar texture and degree of alteration occupies 

the E margin of the cliffs N of Camp 10 (eg, 304722). Again the radioactivity count 

is high and the Fe-Mn oxide coatings abundant. A yellow ochreous alteration is also 

characteristic. Westward the rock passes gradually into a coarse more homogeneous, less 

altered syenite with less radioactive mineralisation. Exposures of the altered nepheline 

syenite unit in the 'Ljer elv' valley display rocks of variable character. Above 800 m 

elevation the red syenites are coarse and often pegmatitic (eg, 304140 & 304145). Below, 

the rocks become more finely grained and often show distorted mineral layering. Narrow 

(1-3 em) radioactive veins abound and cut the stream section (dip 80° W /330° strike). 

The MSF-Altered syenite near Camp 6 and close to Motzfeldt S0 , is very coarse, 

feldspathic and relatively fresh. This is probably due to the low elevation (c.200 m) 

and large distance from the units outer contact (c. 4 km). However, sub-horizontal 

mineralised shear zones (0.5 - 1 m) and narrow (1-3 em) radioactive veins are abundant 

in the area. The latter ha.ve the same general trend as those mentioned in the last 

paragraph. 

iv. C Motzfeldt (north). 

In this area the red MSF -Altered syenite has a distinct 'colour' contact with the 

fresh pale MSF-Nepheline syenite (Plate 5.5h.). No change in lithology or any evidence 
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of a separate intrusive event was detected. The MSF-Altered syenite has well developed 

pegmatitic bands and lenses and has low radioactive mineralistion. Airborne - spec

tram .etry data indicates that the radioactive mineralisation increases at the eastern 

margin of this area, a trend shown by the unit throughout the eastern half of the Centre 

(Tukiainen, Bradshaw & Emeleus, 1984). 

v. NW Motzfeldt. 

The MSF-Altered syenite is extremely well exposed in this area and its brick red colour 

makes the unit easy to distinguish, even from large distances (Plates 3.5b & 3.8a). The 

rock is very heterogeneous, with textures ranging from pegmatitic to medium grained. 

The bulk of the rock however, is generally very coarse, red, subhedral and granular (Plate 

5.3b ). Essential components are red alkali feldspar and black amphibole. Subordinate 

white or purple fluorite, green pyroxene (often fibrous) and zircon are all often visible 

in hand specimen. The outer contact with the JF-Granite gneiss is very sharp. The 

green-grey gneisses are reddened and partially fenitised over a 10 m contact zone. The 

red staining of the MSF-Altered syenite is accompanied by radioactive mineralisation. 

Consequently the unit in NW Motzfeldt is clearly distinguished from the neighbouring 

country rock by its elevated radioactive emissions, as shown by the airborne radiometric 

survey (Figs 8.2.1 & cs.2.2) 

2.5 km S of Camv 16, sinuously banded syenites outcrop on a small peninsula. on the 

northern shores of Qoroq (Emeleus & Harry, 1970. Fig. 8, pp25). Although the author 

has not visited this outcrop there are many textural similarities between this rock and 

the banded pegmatite/microsyenite sequences found at equally low elevation exposures 

of NE, E and SE Motzfeldt. 3 km NE of Camp 16 the Altered syenite intrudes GF

Geologfjeld syenite, leaving a wedge shaped outcrop ( < 600 m wide) of the older syenite 

(see section 4.2). Because the GF-Geologfjeld syenite in this area is heterogeneous in 

texture and has a red stained appearance near the Motzfeldt S0 Formation contact it 
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can be difficult to distinguish. The GF-Geologfjeld syenite however, unlike the MSF

Altered syenite is generally friable, easily weathered and comprises brittle feldspars and 

altered dark minerals. 

vi. SW Motzfeldt 

Red stained anrt coarsely feldspathic syenites are located in this area near the outer 

contact with the Juliainehab Formation, 1 km NW of Camp 11. This and the syenite 

comprising much of the 456 m hill W of Camp 11 is tentatively ascribed to the MSF

Altered syenite. The latter contains much pegmatite and microsyente as well as high 

levels of radioactivity. 

5.3.3 Petrographic Features (Plate 5.12) 

This unit is directly related petrologically and chemically, to the MSF-Marginal syen

ite into which it grades. Mineralogically there are many similarities, but in texture they 

differ considerably. The altered syenite is extremely heterogeneous due to the effects of 

a high volatile content and the incorporation of a large amount of country rock mate

rial. The rock is very coarse, often very feldspathic with ubiquitous pegmatiticfaplitic 

segregations. Locally very high concentrations of pyrochlore, zircon and numerous other 

Nb/Zr/REE minerals occur. For detailed descriptions of these, and of this unit as a 

whole, the reader is referred to the works ofT. Tukiainen (1985a; 1985b; 1985c; 1986a; 

1986b; 1986c). 
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5.4 MSF-Perallkaline Microsyenite Suite 

5.4.1 Rock character and structure (Plate 5.6 to 5.8) 

As discussed in section 5.3, this complex suite is genetically related to the MSF

Altered syenite and as such has been studied in detail by the GGU-PYROCHLORE 

team (Tukiainen, 1986c; Morteani, et. al. 1986) and was also the MSc project study of 

G Schwartz (University of Copenhagen). Consequently only a general description will be 

given here. 

The Suite developed within the MSF-Altered syenite as late stage volatile/magma 

segregations, akin to the Lujavrite development of llimaussaq (Ferguson, 1964). Simi

larly, the suite is profoundly enriched in 'residual' elements Zr-Nb-TH-U-Be-LREE. The 

quantity of microsyenite/pegmatite material is vast, making up at least c. 400 m in 

thickness and stretching a distance of over 15 km. 

5.4.2 Field relations 

The suite may be conveniently described in the following three situations. 

i. Intrusive relations of NE Motzfeldt. 

The MSF-Peralkaline Microsyenite Suite is very well exposed and easily accessible 

from Camp 10 in the valley of Storeelv (Plate 5.6). In this area the sheets have a general 

dip of 20 to 40° toward the NNE and intrude the GF-Geologfjeld syenite. The sheets 

range in thickness from 1 to c.20 m and comprise a total thickness of over 400 m. Within 

the unit as a whole, the frequency of the sheets increases upwards until they make up 

over 80% of the bulk outcrop. Screens of white GF-Geologfjeld syenite remain, and 

in nearly all cases are remarkably competent laterally, even when very thin (ie, < 1 

m). The sheets also dip noticeably at much the same angle and orientation of the JF

Julianehab Granite roof contact with the GF- Geologfjeld syenite (Plate 3.4b). It seems 
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likely therefore that the sheets have been passively emplaced during the foundering of 

the GF- Geologfjeld syenite in response to the emplacement of the Motzfeldt Ring Series. 

Texturally the microsyenites of this area are varied and complex. Four principal varieties 

occur, although they are often intimately associated: 1, Porphyritic banded microsyenite 

(leucocratic and mesotypic varieties eg, 304181/304182, Plates 5.7 and 5.8a; 2, Blue-grey 

equigranular microsyenite (eg, 304177, Plate 5.8b); 3, Coarse pegmatite (eg, 304179); 

and 4, Iron-stained equigranular microsyenite. Usually, the first three above are closely 

associated, often in layered sequence. Within most of the banded microsyenites small ( < 

3 mm) albite laths form a matrix which is strongly laminated parallel to the layering. 

Many sheets also show net-veining of the blue-microsyenite by the porphyritic leucocratic 

type (Plate 5.8b ). This is probably due to volatile separation in a system similar to that 

e'nvisaged by Jahns and Burnham, (1969) to explain aplite/pegmatite sequences. They 

postulate that the rock becomes water saturated after crystallisation of the fine-grained 

microsyenite (or aplite) and when combined with the heat of crystallisation retrograde 

boiling would occur and thus create a separate aqueous phase which if confined could 

disrupt and break up the early formed portions. 

The iron-stained microsyenite sheets can be seen in a N facing gully wall 100 m S 

of Camp 10. They· belong to a later generation of activity than the other microsyen

ite sheets and cut not only these but also the Laminated porphyritic syenite ring-dyke 

which outcrops in the area. Although the narrow screens of GF-Geologfjeld syenite 

are unquestionably 'baked' and in places fractured by the minor intrusions they remain 

largely unaffected by any pervasive volatile and mineralising activity. Therefore the alter

ation/mineralisation of the sheets would seem deuteric and contemporaneous with their 

intrusion. 

u. Internal sheet and pegmatite segregations 

The type areas for examining 'sheet segregations' developed within the MSF-Altered 

syenite are the N and S facing cliffs of Sermia Qiterdleq. Th,... s],,...cts range from massive 
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pegmatite bands containing huge arfvedsonite crystals up to 1 m in length (Plate 5.4a) 

to sinuous and diffuse bands of alternating pegmatite and aplite sequences (Plate 5.4b ). 

The sheets are often siliceous, and loose blocks of such material found on the S side of 

Qiterdleq contain conspicuous molybdenite (Tukiainen, pers. comm.) It has been noted 

that the sheets at low elevations are relatively low in radioactive mineralisation compared 

to those above 1400 min the same area (Tukiainen, 1986b ). Highly mineralised quartz

microsyenite comprises some 50% of the high ground in the northern part of SE Motzfeldt 

(N of the SE Motzfeldt Fault). This region beside 'Humbug Brae' has been described 

as a major area of roof- collapse (Bradshaw & Tukiainen, 1983) and is one of the most 

economically important regions of Motzfeldt. The 'roof' zone contains large rafts of 

EF-supracrustal rock (see section 5.3) and, unusually EF-Quartzite and JF-Juliainehab 

granite blocks are preserved. The microsyenite has been silicified by the assimilation of 

this crustal material and now contains numerous poikiloblasts of quartz ( eg, 304068). 

The rock is medium grained, equigranular and pinkish to dark red-brown in colour. In 

sheared areas the colour is a dark-violet. 

iii. Intrusive relations of SE Motzfeldt 

A c.200 m thick swarm of microsyenite sheets extend SE from the Humbug Brae area 

and extend into the JF-Julianehab granite, for over 2 km. The sheets form a spectacular 

and economically important sheeted sequence in the SE facing granite-gneiss cliffs 2 km 

E of Camp 5 (see Tukiainen, 1986b, p.50). 

5.4.3 Petrographic features (Plate 5.13 & 5.14) 

In NE Motzfeldt, by far the most abundant sheets are the leucocratic to mesotypic, 

po$yritic peralkaline microsyenites. They are similar petrographically to the MSF

Marginal syenite (see section 5.2.3), particularly to the banded microsyenites which make 

up the apophyses near Camp 10 ( cf: 304711 and 304158). Esscn1 ially the rock comprises 

square to rounded poikilocrysts of arfvedsonite (5 to 10 mm) i '' " matrix of trachytoid 
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alkali-feldspar ( < 2 mm in length). Usually, but not always the rock also contains psue

domorphed poikilocrysts (similar in size to the arfvedsonite) made up of aggregates of 

aegirine, carbonate, micaceous material + /- sphene, zircon and unidentified REE min-

erals. Rounded, phenocrysts of analcite , 3 to 10 mm in diameter (usually altered to 

geiseckite; Plate 5.15) or euhedral nepheline (usually altered to zeolites) of similar size 

occur in the undersaturated varieties. Secondary aegirine is invariably present, normally 

at the expense of the arfvedsonite. The rocks contain fluorite and an extremely complex 

array of accessory minerals. Because of their economic potential, these have been studied 

in detail by the PYROCHLORE team (Tukiainen, 1986c). The peralkaline microsyenites 

contain very high values of incompatible elements and microprobe investigations by the 

PYROCHLORE team have identified the following accessory minerals from the sheets in 

NE Motzfeldt; Eudialyte, zircon (several generations from different forms), bastnasite, 
-n 

pyrochlore and many unidentified (or un~.med!) Zr-REE silicates. Most of these miner-

als appear at the expense and wholesale breakdown of the eudialyte crystals (Tukiainen, 

1986b;1986c). Zircon occurs in unusually complex forms in the sheets. Backscattered 

electron imagery has discovered different within-crystal generations of zircon (Tukiainen, 

1986b ). Moreover, the zircon appears as rounded metamict colloform grains, mauve-

brown in colour, 0.5 to 2 mm in size ( eg, 304158). These are also intimately associated 

with REB-carbonate (Tukiainen, 1986b ). 

The groundmass consists of bladed alkali-feldspars (patch-p~hites) with turbid cores 

and clear albitic rims. They penetrate the poikilocrysts without any change in size 

or perthitic character. Simple and lamellar twinning forms are common. Aegirine is 

developed to a varying degree at the contacts between these feldspars and the arfvedsonite 

crystals. 

Although, the sheet sequence in the NE displays a profound suite of textural types, 

they are basically variants of the mineralogical scheme described here. 
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The internal microsyenite sheet-segregations are very similar in mineralogy to the 

MSF-Altered syenite (see section 5.3.3) but with pronounced aplitic and pegmatitic tex

ture. The intrusive types of SE Motzfeldt and the sheet-segregations in the area around 

Sermia Qiterdleq generally show evidence of crustal contamination. Commonly devel

oped, particularly in the sheets of Sermia Qiterdleq (S side) are large {3-10 mm) plates 

of ferruginous biotite (eg, 304115), whereas granoblastic quartz comprises upto 30% of 

the mode in the intrusive microsyenite of the Humbug Brae area, SE Motzfeldt. Unlike 

the microsyenites of NE Motzfeldt the incompatible elements are commonly found in 

complex oxides, though silicates and carbonates do occur. Accessory minerals identified 

include; pyrochlore, zircon, thorite, monazite, columbite, bastnasite, Nb-bearing Fe-Ti 

oxides, Nb-bearing Fe-oxides and Nb-bearing Ti-oxides (Tukiainen, 1986b ). 

5.5 MSF-Nepheline syenite 

5.5.1 Rock character and structure (Plates 5.9 & 5.10) 

This syenite outcrops over a large area and displays a range of textures and miner

alogies. Pegmatite (a constant feature of high elevation exposures) and coarse blocky 

granular weathering, are characteristic. The unit forms the inner 'band' of the Motzfeldt 

80 Formation. This band ranges in width from a 750 m to 1.5 km in C and SE Motzfeldt 

respectively. The original size of the unit is unknown as its interior has been 'cored' 

out by the intrusion of syenites comprising the Flinks Dal Formation. Typically the 

MSF- Nepheline syenite is a coarse grained, subhedral granular syenite composed pre

dominantly of stout bladed feldspars, generally large (c. 10 x 6 x 4 mm) and randomly 

oriented. Nepheline is abundant, comprising approximately 30% of the mode, where 

equant subhedral crystals 5 to 12 mm in size occur evenly distributed throughout the 

rock. The dark minerals cluster to form mafic 'clots' of subhedral to anhedral crys

tals. The 'clots' are evenly distributed and comprise approximately 15% of the mode. 

Pegmatitic patches are abundant ranging from fist-sized vugs to irregular 'pods' (Plate 

5.10a), to major sheet like bodies (Plate 5.11b & Fig 14, Emeleus & Harry, 1970). 
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5.5.2 Field Observations 

i. SE Motzfeldt 

The MSF-Nepheline syenite is well exposed in the plateau like area around Camp 2. 

The unit outcrops over a broad strip of ground approximately 1.5 km wide that curves 

concave toward the centre of the intrusion. The syenite is bounded inwardly by the 

PDF-Porphyritic nepheline syenite body, and outwardly by the MSF-Altered syenite. 

Erosion has exposed the unit from elevations of 1300 m in the N to below 900 m in 

the S. This easily weathered rock comprises most of the southward sloping plateau with 

much of the outcrop being blanketed by plateau- talus derived in situ (see Plate 3.6b ). 

Other than pegmatite, the rock is homogeneous with no apparent internal structure. 

Pegmatite, however, abounds and large pod-like bodies occur over the whole area. A 

typical example occurs 1.5 km N of Camp 2 at 1270 m, near the cliff edge. Radiating 

clusters of aegirine-augite are striking and may be 5 to 40 em in length (eg, 304014). 

Massive euhedral feldspar crystals (5 to 40 em) are also common, together with red 

altered nepheline euhedra (3 to 8 em) and less abundant dark mica. Purple fluorite is 

also commonly associated and, significantly, the larger pegmatite bodies generally emit 

higher radioactive 'counts' than the surrounding rock. 

ii. C Motzfeldt 

a. Eastern region (Upper Flinks Dal) 

MSF-Nepheline syenite was discovered in this region on the N side of the Flinks Dal 

Fault in 1984 (Bradshaw, 1985). Location of the FDF/MSF contact, 2.25 km ENE of 

Camp 12 (see Chapter 6 for further details), confirmed the approximately 6 km sinistral 

offset along the Flinks Dal fault (Tukiainen, Bradshaw & Emeleus, 1984). The MSF

Nepheline syenite is similar to the rock descibed in SE Motzfeldt. 
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b. Northern region 

The MSF-Nepheline syenite outcrops as a curving, 700 m wide band which trends 

NW across the area. As in SE Motzfeldt, the unit is inwardly bounded by the PDF

Porphyritic nepheline syenite and outwardly by MSF-Altered syenite. Excellent exposure 

enables the colour differences between the units of the Motzfeldt Ring Series to depict 

their structural relationship clearly (Plate 3.8b ). The pale pink-grey MSF-Nepheline 

syenite is easily distinguished from the red MSF-Altered syenite and the blue-grey PDF

Porphyritic nepheline syenite. Unlike in SE Motzfeldt, the FDF-Foyaite does not intrude 

along the Flinks Dal Formation/Motzfeldt S0 Formation boundary. 

c. Western region 

North of the Flinks Dal Fault and 1.2 km NW of Camp 11, the c.440 m hill consists of 

coarse, highly pegmatitic and heterogeneous nepheline syenite. From the field evidence 

this rock is considered to be MSF-Nepheline syenite. To the S the unit is truncated 

by the Flinks Dal Fault and to the N and E by the Flinks Dal Formation. The result

ing triangular patch of heterogeneous nepheline syenite forms a small spur extending 

into Qoroq Fjord. This spur can be linked to a similar small resistant headland 2 km 

NNE, which, on investigation (1984; helicopter reconnaissance) was shown to be also of 

coarse heterogeneous nepheline syenite. The bay in between, consists of the preferentially 

eroded FDF-Porphyritic nepheline syenite. These discoveries mean that the Motzfeldt 

80 Formation completely encloses the Flinks Dal Formation in Motzfeldt and therefore 

gives a more symmetrical ring-intrusion shape to the Centre (Bradshaw, 1985). This 

interpretation corresponds well with the airborne- radiometric grid map of Tukiainen, 

Bradshaw & Emeleus,(1984) as shown on Fig 8.2.1. 

iii. NE Motzfeldt 

MSF-Nepheline syenite is not clearly developed in this area. In the area around Camp 

6 the Motzfeldt S0 Formation is coarse feldspathic, pale coloured and nepheline free. The 
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characteristic red staining of the MSF-Altered syenite is only weakly developed although 

there are a large number of pegmatite sheets, 'radioactive' shear zones and mineralised 

veins. Earlier work has proposed that the low elevation of the area around Camp 6 (Ljer 

elv) explains the absence of nepheline. Recent field evidence in the area, however suggests 

that the rock does not become increasingly undersaturated upward and that it should be 

ascribed to the MSF-Altered syenite unit (cf; Tukiainen, .Bradshaw & Emeleus, 1984). 

It is the author's opinion that partial assimilation and modification of syenite blocks 

from the nearby Geologfjeld Formation have played an important role in determining the 

petrological character of these syenites. Interestingly, nepheline-bearing syenites were 

found during the 1984 season, at low elevations ( 400 m) approximately 2 km SE of Camp 

6 (ILP.rsen, L.M. pers. comm.). The rock is partially altered and not typical of the MSF

Nepheline syenite. 

iv. S Motzfeldt 

Although no in situ occurrence of this unit exists in the area, a very large raft ( c.300 m 

wide) of nepheline syenite was discovered in 1984 (Bradshaw, 1985). The 'raft', located in 

the high ground of 'Harry's Dal', 2 km NNE of Camp 14, is contained within and pervaded 

by the central FDF-Foyaite. The neighbouring FDF-Porphyritic nepheline syenite in the 

area also contains many em-scale xenoliths of the MSF- Nepheline syenite. 

v. SW Motzfeldt 

Although the rocks of this area are poorly understood the field and radiometric evi

dence suggests that this area is largely comprised of MSF-Nepheline syenite (Tukiainen, 

Bradshaw & Emeleus, 1984). The area is further complicated however by many in

trusions of FDF-Foyaite (transgressive type), lujavrite (Jones, 1980) and microsyenite 

sheets. Moreover, much of the high ground around Camp 13 is unfortunately made up of 

loose talus material, very little being in situ outcrop. FDF-Foyaite blocks are abundant 

and display strong cumulate textures. Blocks of subhedral equigranular syenites do occur 
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however (eg, 326121) which are very similar in hand specimen to the type MSF-Nepheline 

syenite of SE Motzfeldt. In addition, lujavrites and subhorizontal microsyenite sheets cut 

the N and W facing cliffs of this area. They extend laterally to the 'HY' contact zone of 

Jones (1980) some 6.5 km eastwards. Whilst, minor intrusions are abundant and almost 

characteristic of the Motzfeldt S0 Formation they are almost completely absent in the 

well established units of the Flinks Dal Formation. Moreover, Jones (1980) showed a 

genetic relationship between the lujavrites and the Flinks Dal Formation (SM4) so these 

may well be intrusive offshoots from that Formation. 

5.5.3 Petrographic Features (Plate 5.15). 

This rock, where not pegmatitic is coarse, homogeneous, subhedral and roughly 

equigranular. Perthitic alkali feldspar (60%), nepheline (25%) and Na-Ca mafics (15%) 

are the essential minerals. Accessories include sodalite apatite and iron ore. A host of 

secondary minerals may be developed. These are due to the effects of the later intrusion 

of the Flinks Dal Formation, and also to the active volatile phase, (enriched in incompati

ble elements) which has greatly affected the Motzfeldt S0 Formation. Secondary minerals 

include, biotite, iron ore, sphene, gieseckite Na mafic minerals fluorite, pyrochlore, zircon 

and/or complex Zr/REE minerals and calcite. The alkali feldspars, 6 to 10 mm in length 

are randomly oriented and subhedral-granular in habit. Most sections examined have 

mesoperthite feldspar, and this (Ab=Or) bulk composition is reflected by the majority 

of the normative feldspar values (Table A3.2). The nepheline is pink in hand speci

men. In section this colour can be seen to be caused by red, powdery material which is 

finely disseminated around the margins of the crystals. The nepheline occurs as equant 

subhedra, 4 to 6 mm in diameter and evenly distributed throughout the rock. For the 

most part, the crystals are fresh with only marginal replacement by micaceous material 

(gieseckite). Amphibole is the chief mafic mineral occuring as subhedral grains 2 to 4 

mm in size and comprising 10 to 15% of the rock. Synneusis texture is again prevelant 

with the amphibole normally being associated with pyroxene, iron ore and apatite. Both 
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amphibole and pyroxene show strong zonation and a wide range of compositions. Am

phibole compositions range from ferro-edenitic hornblende through to katophorite. The 

stage of evolution of the syenite largely determines predominant amphibole composition. 

For instance, specimen 304003 has a FI of 91.4 and the dominant amphibole is green 

to brown (pleochroic) katophorite. The larger katophorite crystals have discrete cores 

of golden- brown to pale brown ferro-edenitic hornblende. This zonation is discontinu

ous with the core being rimmed by small individual orange biotite and Fe-Ti oxides, all 

enclosed by the katophorite. ~ss evolved specimens ie, 326092 (FI = 85.5) have ferro

edenitic hornblende/ferro-edenite (green-brown - pale green-brown) as the main phase 

with only narrow deep green rims of katophorite. Similarly the pyroxene crystals (0.5 to 

2 mm) range in composition from cores of pale salite-ferrosalite to deep green pleochroic 

rims of aegirine-augite or aegirine-hedenbergite. Aegirine develops individual crystals in 

the more evolved or pegmatitic varieties. Very small apatite crystals are confined to the 

mafic clusters and enclosed by all phases of mafic minerals. The thermal effect of the 

intrusion of the Flinks Dal Formation, where in evidence, is particularly strongly shown 

by the mafic minerals. Most commonly a granular aggregate of orange-brown biotite, 

aegirine, katophorite, iron ore, +/- sphene has developed. In addition, small ( < 1 mm) 

pale brown crystals of high relief and grey 1st order birefringence may be developed eg, 

326049. This mineral, probably of rinkite/lavenite composition, may be locally abundant 

(up to 2%) and is often associated with small ( < 1 mm) skeletal/fibrous brown-opaque 

minerals and purple fluorite. This skeletal material is similarly found in the MSF-Altered 

syenite and is almost certainly a complex mineral containing incompatible elements (Th, 

Ce, Ta, Nb, Zr). 
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l . Plate 5.1 
,.... 

a. 

MSF-Marginal syenite (SMl). NE Motzfeldt. Typical red euhedral, 

'blocky' feldspars with arfvedsonite matrix. (CB.82.C.05.27). 

b. 

MSF-Marginal syenite (SMl). NE Motzfeldt. Example showing mafic/felsic 

phase layering. (CB.82.C.05.26). 



Plate 5.2 

a. 

MSF-Marginal syenite (SMl). NE Motzfeldt. Example showing mafic rich 

clot-like segregations. (CB.83.C.l0.14). 

b. 

MSF-Altered syenite (SMl). C Motzfeldt (north). Variety showing altered 

nepheline and fluorite vein. (CB.83.C . 01.21) . 



Plate 5.3 . 
1 

a. 
MSF-Altered syenite (SMl). NE Motzfeldt. Very altered variety from the 

'hot' zone of the unit. Yellow-ochre staining and metallic (Fe-Mn?) 

coatings are characteristic. (CB.83.C.02.16). 

b. 

MSF-Altered syenite (SMl). NW Motzfeldt. Typical example of the red 

feldspathic syenite with very coarse pegmatitic patches. 

(CB.84.C.l2.17). 



Plate 5.4 

a. 

MSF-Altered syenite (SMl). E Motzfeldt. Massive pegmatite with giant 

alkali-amphibole crystals. The geologist (T. Tukiainen) is over 1.9 m in 

height. This location is over 1 km below the roof of the unit. 

(TT.84.C.Ol.l0). 

b. 

MSF-Altered syeni .te (SMl). SE Motzfeldt. Sinuously banded 

pegmatite/microsyenite found at low-elevation exposures in the unit 

beside Sermia qiterdleq (CB.82.C.09.3 0). 



. 
Plate 5.5 

a. 

GF-Geologfjeld syenite/MSF-Altered syenite contact where viewed ENE 

with Qorqup sermia in the background. (CB.84.C.l2.15). 

b. 

MSF-Altered syenite/MSF-Nepheline syenite contact. View ESE of the 

northern tip of C Motzfeldt. (T.T). 



L:late 5.6 

Peralkaline Microsyenite Suite. NE Motzfeldt. (Storeelv). The whole cliff side 

is cut by thin microsyenite sheets. Camp 9 (alt. 190 m) in lower left of photograph . 

(CHE.82.) 

b. 

Peralkaline Microsyenite Suite. NE Motzfeldt. Closer view of Camp 9 with the 

dark sheets of microsyenite beyond. (CB.84.C.03.17). 



Plate 5.7 

a. 

Peralkaline microsyenite. NE Motzfeldt (Storeelv). Poikilocrysts of 

blue-black amphibole, red nepheline and acmite in a fine trachytic matrix 

of alkali feldspar. (CB.83.C.Ol.08). 

b. 

Peralkaline microsyenite. NE Motzfeldt (Storeelv). As above showing 

variation in texture . Red mineral may be eudyalite. (CB.84.C . 03 . 20) . 



l_:rate 5.8 . 1 

a. 

Peralk~line microsyenite. NE Motzfeldt (Storeelv). Typical 

porphyritic, banded, mesotypic microsyenite. (CB.82.C.l0.32). 

b. 

Peralkaline microsyenite. NE Motzfeldt (Storeelv). Showing the common associa

tion of blue equigranular microsyenite net veined by porphyritic microsyenite similar to 

above. 



Plc;tte 5.9 

a. 

MSF-Nepheline syenite (SMl). SE Motzfeldt. Characteristically pale 

coloured, subhedral granular and containing grey or red nepheline. 

(CB.82.C.03.17). 

b. 

MSF-Nepheline syenite (SMl). SE Motzfeldt. Example showing the 

characteristic weathering by granular disintegration, leaving 'blocky' 

crystal aggregates. (CB.82.C.03.18). 



Plate 5.10 

a. 

MSF-Nepheline syenite (SMl). SE Motzfeldt. Very coarse pegmatite. A 

common feature in the high ground of SE Motzfeldt. (CB.82.C.01.18). 

b. 

MSF-Nepheline syenite (SMl). SE Motzfeldt. Massive pegmatite vein 

(running diagonally across picture). Inward growing giant feldspars with 

interstitial nepheline terminate at a central tinguaitic core rich in 

aegirine prisms. (CB.84.C.06.23). 



MSF-Marginal arfvedsoni te syenite. NE Motzfeldt. (304052). Arfvedsonite 
and alkali feldspar with the latter showing striking albite twinning and 
coarse patches of altered k-feldspar. Brightly coloured zircons (centre) 
Isot~pic fluorite and red aenigmatite (low-middle). X.P. 5mm. 

As above P.L. The abundant green arfvedsonite subhedra and euhedra display a mod

erately well developed lamination. Fluorite occurs as clear equant crystals (bottom & 

top left and upper right). 



[ Plate ··_5.12 1 

MSF-Altered syenite. NE Motzfeldt. (304053). Coarsely perthitic feldspar 
with leached and broken down mafic minerals are characteristic, 
particularly from highly mineralised zones. In addition fluorite (bottom 
left), zircon and pyrochlore (not shown) are common. P.L. 9mm. 

MSF - Altered syenite . NE Motzfeldt. (297652). Mineralised sampl e showing 
partly iso~pic pyrochlore euhedra enclosed in an aggregate of z i r con 
crystals. P.L. 5mm. 



Plate 5 .13 

PMS-Peralkaline microsyenite. NE Motzfeldt. (304120). Showing commonly 
developed trachytic texture of albite laths. Blue-green arfvedsonite 
(poikilitic or corroded?) and aegirine-hedenbergite (upper left). X.P. 5mm. 

As above . P.L. 



I Plate 5.14 I 

PMS-Peralkaline microsyenite. NE Motzfeldt. (304185). Alkali feldspar 
showing trachytic texture around blue arfvedsonite (upper left), highly 
altered and corroded pseudomorphs (after eudialyte?) and rounded isotropic 
analcite (lower left). X.P. 5mm. 

As above. P.L. 



Plat~. S.:i 5 

MSF-Nepheline syenite. SE Motzfeldt. (304003). Showing granular aggregate 
of coarse nepheline (deep grey) and mesoperthite (lighter) crystals. Clot
like aggregates of strongly zoned mafic minerals are characteristic. X.P. 
9mm. 

As above P.L. The pyroxene seen is pale-green ferrosali_te mantled by 
bright green aegirine-hedenbergite. Green-brown katophorite, orange-brown 
biotite, Fe-Ti oxide and apatite crystals make up the rest of the mafic 
cluster. 



13.]. Introduction 

Foyaites and Nepheline syenites of the Flinks Dal Formation outcrop over an area of 

about 75 km2 and form the central core of the Motzfeldt Ring Series. The Formation 

includes the units SM2, SM3, SM4 and SM5 of Emeleus and Harry (1970). 

The Formation comprises a number of intrusive members which were emplaced, 

younging inwards in a roughly concentric 'nested' plutonic form. The members, namely; 

FDF-Porphyritic nepheline syenite (SM2 & SM4), JFDF-JFoyaite (SM2,SM3 & 

SM4) and JFDF-Nepheline syenite (SM5) are all phonolitic in composition (Fig 3.3.2c) 

and share similar chemical characteristics. They are all pale in colour, nepheline bear

ing, and typically, fresh and relatively free from mineralisation (Bradshaw & Tukiainen, 

1983). Internal structures such as mineral layering, lamination and benching are often 

well developed. Pegmatite is rare,1 whilst, conspicuous chilled margins are commonly 

developed around external and internal contacts. These features are indicative of rel

atively 'dry' and mobile magmas and are clearly quite different to those which formed 

the Motzfeldt S~ Formation. The Formation is cut by many Gardar Dykes but very few 

microsyenite sheets. 

13.2 JFDF-Porphyritic nepheline syenite/microsyenite (SM2 & SM4) 

6.2.1 Rock character and structure (Plates 6.1 to 6.3) 

The 'type' rock is a leucocratic porphyritic nepheline syenite or microsyenite which 

is fresh, blue-grey in colour and massive. Characteristically the rock contains an abun

dance of fist sized, dark grey porphyry xenoliths which often show preferred orientation 

(Plate 6.3). Although, cumulate layering is uncommon, the rock may display conspicuous 

1 although local development occurs adjacent to enclosed rafts of country rock, (Jones, 

1980) 
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feldspar lamination. Both feldspar and nepheline occur as phenocryst euhedra. The grey 

and commonly transluscent feldspars are generally tabular and up to 10 mm in length, 

whereas the red or white (altered) nephelines occur as equant crystals about 4 mm in 

size. The phenocryst population is divided approximately 65% feldspar, 30% nepheline 

and 5% dark minerals. Mafic minerals (10-15%) occur mainly in the groundmass as 0.5 

mm to 2 mm subhedra, although sporadic crystals up to 10 mm in size may be found. 

The phenocryst/groundmass ratio varies considerably, ranging from 0.66 to 9. 

6.2.2 Field Observations 

i. SE Motzfeldt 

500 m W of Camp 2 the FDF-Porphyritic nepheline microsyenite forms a prominent 

ridge and peak rising to 1457 m (Plate 3.6). Westward the ridge precipitously drops 

1300 m to Motzfeldt SlZI (Plate 3.7). The unit is easily distinguished from the adjacent 

FDF-Foyaite and MSF-Nepheline syenite, being massive, very fresh and considerably 

more resistant to weathering. Hard and sharp, frost shattered blocks litter the outcrop 

and contrast strongly with the 'rotted' aspect of the neighbouring syenites. The curved 

(concave inward) FDF-Porphyritic nepheline syeniteJMSF-Nepheline syenite contact is 

clearly marked by a snow-lined break in slope 200m W of Camp 2. However, later dykes 

of FDF-Foyaite have pervaded this line of weakness and greatly obscured the original 

junction. Where the original contact is exposed it is very sharp and the FDF- Por

phyritic syenite has clearly chilled against the MSF-Nepheline syenite. Sub-angular to 

rounded xenoliths of the older syenite, 10 to 40 em in size, are common along the whole 

length of the contact (Plates, 6.1 & 6.2). In general the grain size of the unit increases 

inward, although the rock remains porphyritic throughout its whole outcrop. Coarser 

examples ( eg, 304024) contain a lower proportion of groundmass than the finer varieties 

(eg, 304758). 200m SW of Camp 2 weak feldspar lamination may be observed, dipping 

70 degrees W and striking NNE approximately parallel with the contact. All varieties 

contain an abundance of the fist-sized dark grey porphyry xenoliths that are so character

istic of the unit. The porphyry xenoliths are often oriented parallel to a strong feldspar 
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lamination and appear to be 'drawn out' along the line of flow(?), (Plate 6.3a). The 

dark xenoliths are always rounded and often thoroughly corroded. Feldspar phenocrysts, 

infact, frequently penetrate the syenite-xenolith boundary without an apparent change 

in composition, reminiscent of the well known Shap Granite occurrence. 

The contact relations around Camp 2 in SE Motzfeldt are very well exposed providing 

an excellent type-area for examining the Motzfelt S0 Formation/Plinks Dal Formation 

boundary. 

ii. S Motzfeldt 

The PDF-Porphyritic nepheline syenite is restricted to the eastern cliffs of Harrys 

Dal and is well exposed along much of the SSW-NNE ridge, overlooking Motzfeldt S0, 

1 km E of Camp 14. The rock is identical in varieties of grain size and texture to those 

described in SE Motzfeldt despite being a considerable distance from a vertical Motzfeldt 

S0 Formation contact. Similarly, many MSF- Nepheline syenite xenoliths occur in the 

area. These features indicate that the PDF-Porphyritic nepheline syenite is near its roof 

zone and has displaced the MSF-Nepheline syenite previously located in the area. Along 

the southern flank of the c. 1200 m SSW-NNE ridge the FDF- Porphyritic nepheline 

syenite is in sharp contact with the JF- Julianehab granite. Westward the unit appears 

to be truncated by FDF- Foyaite (see section 6.3). 

Camp 15, situated on the SW shore of Motzfeldt S0, gave good access to low elevations 

within the FDF-Foyaite and FDF- Porphyritic nepheline syenite units. Unfortunately, 

most of the SW shore of Motzfeldt S0 is blanketed by coarse scree derived from the 

crags above. Sporadic stream gullys, however expose rock in situ . The scree becomes 

dominantly blue-grey PDF-Porphyritic nepheline syenite approximately 1.1 km NNE of 

Camp 15. Most of the scree has been derived from high levels, and is medium grained, 

porphyritic and contains dark porphyry xenoliths. In situ, the fresh FDF- Porphyritic 

nepheline syenite is coarse, blue, non-porphyritic, well laminated and devoid of xenoliths. 

5 km NNE of Camp lS, and near the lake the rock exposed is a coarse syenite in which the 

blocky feldspars (3 x 1 em) show a preferred orientation (220/70° W) and are surrounded 
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by clusters of squat (0.5 m) mafics (eg, 326182 or 537797). The rock contains dark, 

ghost like, oriented inclusions, and has a larvikitic pale blue appearance not unlike some 

marginal varieties of the FDF-Nepheline syenite. However, Emeleus (1963:field notes) 

found this rock in contact with the FDF-Foyaite outcrops to the N. The foyaite was seen 

to contain xenoliths of the larvikitic syenite and therefore it seems likely that the latter 

is a variety of the FDF-Porphyritic nepheline syenite. From Camp 15 the Julianehab 

Formation/Flinks Dal Formation contact can be seen clearly in the SE facing cliffs of 

S Motzfeldt (Plate 3.4). The-contact curves toward the centre of Motzfeldt, dipping 

outwards steeply at low elevations but shallowing upwards typical of a bell-jar shaped 

intrusion. 

iii. C Motzfeldt 

a. North 

During the 1982 survey the author mapped this ground from Camp 7. Situated beside 

the 1133 m lake, and on the high, undulating plateau level, this Camp gave easy access to 

the well exposed FDF-Porphyritic nepheline syenite/MSF-Nepheline syenite and FDF

Porphyritic nepheline syenite/FDF-Nepheline syenite contacts. The FDF-Porphyritic 

nepheline syenite of this region (assigned to SM4 by Emeleus & Harry, 1970) shows iden

tical field relationships with the adjacent the MSF-Nepheline syenite as those exibited by 

the FDF-Porphyritic nepheline syenite (assigned to SM2) in SE Motzfeldt. The Flinks 

Dal FormationfMotzfeldt S~ Formation contact is first reached 300m E of Camp 7 and 

from there it follows an arcuate course, trending NW. The fine-medium grained (chilled) 

FDF-Porphyritic nepheline microsyenite of the contact zone contains abundant angular 

xenoliths of the older syenite as well as the dark-porphyry xenoliths that are so character

istic of the unit. The Motzfeldt S~ Formation/Flinks Dal Formation contact is exposed 

at progressively lower elevations northward. Significantly, at deeper levels and well below 

the roof zone, the syenite coarsens rapidly away from the contact ( cf: S & SE Motzfeldt ). 

Coarse varieties contain only very sporadic, much digested porphyry xenoliths and of

ten show well developed feldspar lamination, parallel to the outer contact. ( eg, 304750; 
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310/80° E). The PDF-Porphyritic nepheline syenite of C Motzfe]dt encloses a large quan

tity of country rock material. Microsyenites, porphyritic trachytes and phonolitic rafts 

form an extensive, though discontinuous cap to much of the high ground of this area. The 

principal outcrops comprise an arcuate belt, concave to the SW and approximately 4 km 

in length. The rafts have an overall dip toward the NW, progressively descending from 

1300 m in the SE to 800 m in the NW. Few rafts are enclosed below the 800 m contour. 

Supracrustal material outcrops over an area in excess of 6 km2 and in places individual 

rafts reach c.200 m in thickness. Throughout the area the PDF-Porphyritic nepheline 

syenite has conspicuously chilled against these inclusions. The author has studied only 

isolated rafts in the vicinity of Camp 7. The main belt however, has previously been 

described (Emeleus & Harry, 1970, pp. 30-32: Jones, 1980, pp. 46- 54). 

b. West 

In western C Motzfeldt the PDF-Porphyritic nepheline syenite forms a prominent, 

arcuate ridge running NNE and rising to 956 m and overlooking Qoroq to Mellemlandet 

beyond. The rock is very variable in character, ranging from tightly laminated varieties 

(eg, 326012) to coarse, poorly laminated types (eg, 326020). The feldspar lamination 

is generally NNW in strike and steeply inclined (70 to 80 degrees WSW). Eastward the 

PDF-Porphyritic nepheline syenite ridge changes, with a mark~d break in slope to an 

undulating plateau-like area consisting of very pale, coarse, cumulate, FDF-Foya.ite. 

c. East (Upper Flinks Dal) 

This area has been surveyed in detail by Emeleus and Harry (field season, 1963) 

and by Jones (field season, 1979). Additionally, the author established a camp (Camp 

12, 1984) situated beside the 700 m lake in the centre of the large 'U' shaped valley of 

'Flink's Dal' (Fig 2.3.1 ). In this area, the relation between the members of the Flinks Dal 

Formation are problematical and further complicated by the major fault displacement 

across the valley. 
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The most interesting find of the 1984 season was the discovery N of the Flinks Dal 

Fault, of a well exposed FDF-Porphyritic nepheline syenite/MSF-nepheline syenite con

tact. This contact is situated on theE facing slabs (alt. 400 m), 2.3 km ENE of Camp 

12. The contact is definitely the same as that found in SE Motzfeldt and northern C 

Motzfeldt (cf: Plates 6.1b, 6.2a & 6.2b) and confirms the 6 km sinistral offset along the 

Flinks Dal Fault. The FDF-Porphyritic nepheline syenite here is a blue-grey porphyritic 

microsyenite. Fist-sized dark porphyry xenoliths are abundant and again appear to be 

'drawn out' parallel to the feldspar lamination. Angular xenoliths of MSF-Nepheline 

syenite are common along the contact zone (Plate 6.2a). 750 m W of this contact, the 

FDF-Porphyritic nepheline syenite is truncated by the younger FDF-Nepheline syenite. 

W of the main mass of FDF-Nepheline syenite and 1.2 km W of Camp 12, the FDF

Porphyritic nepheline syenite is coarse grained, with tabular feldspars and conspicuous 

altered nepheline, and shows vague mafic layering (dip 40°W /380° strike). Above in the 

S facing valley sides, the rock changes character at an elevation of about 1000 m. The 

syenite becomes medium grained, porphyritic and contains porphyry xenoliths. This rock 

has chilled against the overlying roof rafts, which cap the ridge. It is unclear whether the 

coarser syenite fines gradually upwards or is a separate intrusive phase which is roofed 

by the finer rock. 

S of the Flinks Dal Fault, the area is dissected by three large, N-S glaciers. Their 

steep craggy sides provide good exposure but are difficult of access. Geological relations 

are complex, poorly understood, and demand more detailed attention. Nowhere on the S 

side of the valley is the 'typical' FDF-Porphyritic nepheline syenite preserved. However, 

there is strong evidence that there is been a vertical movement of at least 400 m across 

the Flinks Dal Fault (down throw to the N) and therefore the rocks exposed in this region 

are from deeper levels in the Flinks Dal Formation. 1.2 km SE of Camp 7 a FDF /MSF(?), 

N -S contact zone is located. The Flinks Dal Formation rock is a fresh medium grained 

nepheline syenite with pegmatite segregations. Juxtaposed to the W the rock is a coarse 

pinkish nepheline syenite with blocky texture and 'fuzzy' mafics. This rock is the 'HY' 

syenite of Jones (1980). 500 m ENE from the contact, the crags opposite consist of fresh 
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coarse foyaite ( eg, 306052) which shows clear feldspar lamination (dip 70°E/160° strike). 

Nepheline is mainly restricted to small 1-2 mm euhedra poikilitically enclosed by the 

interstital black amphibole. There is no exposure between these localities, so again it 

is difficult to determine the true relations. The Foyaitic rock may well belong the the 

FDF-Foyaite. Restori'ng the c.6 km offset along Flinks Dal this section would be adjacent 

to the rocks of western C Motzfeldt and indeed there is definite hand specimen similarity 

between specimens 326054 and 326026 (medium grained and pinkish) and 326051 and 

326021 (laminated foyaite ). A]} the rocks are laminated striking 160° and each pair is on 

strike, after restoration. 

6.2.3 Petrographic Features (Plate 6.9) 

This unit includes SM2 and the marginal facies of SM4 of Emeleus and Harry (1970). 

The rock varies texturally in the phenocrystfgroundmass ratio and generally becomes 

coarser grained inwards. The phenocryst assemblage is dominated by alkali feldspar 3 

to 5 mm in length, accompanied by equant nepheline, early formed euhedral to rounded 

clinopyroxene and locally important neutral yellow-brown rounded olivine. Red-brown or 

green- brown amphibole is always present, often mantling the earlier mafic minerals. The 

groundmass comprises alkali feldspar and nepheline with additional green-blue amphi

bole, N a-pyroxene and often aenigmatite. Accessory minerals include sodalite, analcite 

some apatite, iron ore (where no aenigmatite), biotite and rinkite/lavenite minerals. The 

usual secondary breakdown products may be present. 

The alkali feldspar phenocrysts ( c.6 x 3 x 1 mm) are characteristically 

cryptoperthites which show moderate (40-60°), negative 2V's. Carlsbad twinning is 

normally the only type developed, however some coarser ( and more altered) specimens 

( eg, 326077) show clear lamellar twinned albite rims. Exsolution is ordinarily confined to 

distinct parallel streaks and/or tiny blebs both showing turbid alteration. These streaks 

in otherwise fresh, transluscent feldspar are a common and almost characteristic feature of 

the unit in both hand specimen and thin section. Optical zoning is depicted by variation 

in extinction and represents an increased K /N a ratio outward (Jones, 1980). The feldspar 
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in the groundmass is of variable habit which is dependent upon its grain size and modal 

%in the rock. Granular crystals (eg, 326157) or distinct laths up to 0.5 mm in length (eg, 

304752) may be present with the latter often showing mineral lineation. In both, albite 

twinning is commonly visible and is certainly more important than in the phenocryst 

assemblage. The small crystal size however, makes it difficult to distinguish 

perthitic forms. Texturally, mineral alignment may be displayed both by phenocryst and 

groundmass assemblages, the former being the most often strikingly apparent. Nepheline 

makes up between 20 and 40% of the phenocryst population and occurs as euhedra 2 

to 4 mm in diameter. The crystals are normally fresh and clear in section and are 

evenly distributed throughout the rock. Many crystals show optically continuous, late 

rims, defined by numerous tiny inclusions of N a mafic minerals which outline the original 

crystal shape. The groundmass nepheline is often difficult to distinguish, occuring both 

as small squat individual crystals and as a matrix to the feldspar laths. 

Neutral yellow-brown fayalitic olivine occurs as small ( < 1 mm) rounded, early formed 

grains, comprising 0 to 5% of the mode. Interestingly olivine is most commonly found 

in the finer grained 'chill' specimens ( eg, 304106). In coarser varieties olivine is mostly 

absent or heavily corroded and mantled by amphibole. 

Pale green clinopyroxene phenocrysts are present in most varieties, occurring as stout, 

well formed crystals with 8 sided cross-sections usually less than 1 mm in diameter. 

The individual grains are evenly distributed throughout the rock, tending not to be 

glomeroporphyritic. Most crystals are neutral to pale apple-green and ferrosalite in 

composition. Optical zoning is confined to the outer margins, where pleochroism increases 

with shades of pale green to yellowish green (aegirine augite). Thin mantles of bright 

grass-green aegirine-'hedenbergite are usual and elongated ·sections commonly display 

clear sector zoning (eg, 326079; 304752). Late stage aegirine is commonly developed in 

the groundmass. Amphibole is present in all specimens examined, commonly comprising 

up to 10 modal %. Crystals occur in both phenocryst and groundmass 4emblages, 

very often showing a continuous range of sizes. For example, 304 752 has a clear seriate-
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porphyritic texture, where the amphibole occurs as large, stout deep green to yellowish 

brown, subhedral phenocrysts (c. 4 mm), deep green to greenish brown subhedral to 

poikilitic microphenocrysts (c. 0.5 mm) and small ( < 0.3 mm) blue-green to yellowish 

green groundmass crystals. Microprobe analysis of these phases (Table A4.3; Fig 3.4.6) 

shows the chemical substitution Ca2 + Al3 = Na1 + Si4 takes place progressively, giving 

the compositions ferro-edenitic hornblende, katophorite and arfvedsonite respectively, 

there being little change in the relative proportions of 2: Fe, Mn, Mg and K. Within 

the unit as a whole, however t-he dominant amphibole is reddish brown to lilac brown 

ferro-edenite, which occurs as sub to anhedral equant micro- phenocrysts approximately 

0.5 mm in size. Very small feldspar inclusions are common and especially numerous 

around distinctly poikilitic margins. These margins normally tend toward katophorite 

composition and are reflected by an increased greenish colouration. Deep red brown to 

black aenigmatite is a locally common phase forming up to 5% of the mode (eg, 54139). 

Interstitial anhedral poikilocrysts 0.3 to 0.5 mm in size are usual and are similar in 

size and habit to most of the amphibole. Large isolated but heavily corroded plates 

of orange-brown biotite (up to 5 mm in length) are present in some specimens but are · 

considered here to be xenocrysts derived from the breakdown of MSF-Nepheline syenite 

xenoliths. The accessories which frequently occur include minerals of rinkiteflavenite 

composition. In section, these normally form small prismatic crystals, less than 1 mm 

in length. They are colourless to pale yellow, of high relief and no visible cleavage. In 

crossed polars the crystals show 1st order greys/yellows up to low 2nd order (upper 1st) 

oranges and reds with occasional lamellar twinning. In fact without twinning they closely 

resemble members of the zoisitefepidote group. One pale yellow crystal from C Motzfeldt 

(west) proved on XRD investigation to be Hiortdahlite, (R. Hardy, pers. comm.). The 

occurrence of sodalite and/or analcite in the unit is not unusual, although these are 

always subordinate to nepheline. 
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8.3 JFDJF-JFoyaite 

6.3.1 Rock character and structure (Plate 6.3b to 6.7) 

The foyaitic texture of this nepheline syenite is characteristically well developed. The 

rocks comprising the unit are pale, grey to pink-grey in colour and commonly display 

cumulate stuctures. The distinctly tabular feldspars may be as large as 30 x 15 x 3 mm 

and form an interconnecting framework enclosing pink euhedral ( 4-10 mm) nepheline and 

interstitial-subophitic . mafic minerals. Although the grain size and modal 

percentages of minerals vary considerably the foyaite texture of the unit is a constant 

feature. On the basis of the field relationships (described here) the FDF-Foyaite is further 

divided into the Central and Transgressive types. 

The Central FDF-Foyaite outcrops over an area of approximately 25 km2 and com

prises much of the low ground in C Motzfeldt and the high ground of S Motzfeldt. 

Despite this, it is the least studied of all the Motzfeldt major intrusions. The unit, now 

bisected and offset by 6 km along the Flinks Dal Fault, originally comprised an intrusion 

roughly circular in plan and almost central to the Motzfeldt lling Series (Fig 10..5.3a). The 

intrusion was emplaced to a very high level but is almost entirely enclosed by the PDF

Porphyritic nepheline syenite. Although little is known of its structure at depth, at least 

the top 600 m consist of a saucer shaped (concave upwards), cumulate pile of foyaites, 

approximately 3 km in diameter, similar to those described from SI7 in the neighbouring 

lgdlerfigssalik Centre (Emeleus & Harry, 1970, fig 28). The unit displays well developed 

cyclic, asymmetric phase layering. The individual cyclic units are on a 1 to 3 m scale 

but subhorizontal benching depicted by the mineral layering may be traced over sev

eral kms (Plate 6.7). Although the central FDF-Foyaite is largely confined within the 

PDF-Porphyritic nepheline syenite, in southern Motzfeldt an arcuate ring-dyke offoyaite 

(SM3 of Emeleus & Harry, 1970) some 500 m broad shows clear intrusive relationships 

with the PDF-Porphyritic nepheline syenite and the MSF-Nepheline syenite. This, the 

Transgressive FDF-Foyaite is very well exposed in SE Motzfeldt where it has intruded 
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along the zone of weakness provided by the Flinks Dal Formation/ Motzfeldt 80 Forma

tion contact. In SW Motzfeldt it is also well developed but less well exposed and the 

intrusive relations are conjectural. 

6.3.2 Field Observations 

i. SE Motzfeldt (transgressive type) 

The transgressive FDF-Foya.ite is very well exposed in the plateau area around Camp 

2. The FDF-Foyaite occurs not in one solid arcuate band (d. Emeleus & Harry, 1970, 

plate iv), but as a number of narrow, individual, near vertical intrusions ranging in 

widths from 1 to 20m (Armour-Brown et al., 1983). The FDF-Foyaite cuts the MSF

Nepheline syenite and the FDF-Porphyritic nepheline syenite along a belt which roughly 

follows the contact between the two (Plate 3.6b ). The belt which follows a curved course 

is approximately 500 m wide in the S, but tapers within 3 km northward (at the same 

altitude), to less than 100 m in width. The Plates 6.3 and 6.6a show the remarkable 

relationships readily exposed in this area, and indeed precise locations are unnecessary 

due to the abundance of examples. Plate 6.3a shows a classical feature where the FDF

Foyaite has sent a small vein into the FDF-Porphyritic nepheline syenite while carrying 

within it xenoliths of the neighbouring MSF-Nepheline syenite. Notably, the vein is 

oriented parallel to the lamination of the host rock. Plate 6.3b shows an example of the 

FDF-Foyaite veining MSF-Nepheline syenite. Textural distinctions between the two rock 

types are striking in this Plate. The feldspar tablets show well developed within-vein 

flow structure whereas those in Plate 6.5 flow around an enclosed MSF-Nepheline syenite 

xenolith. Most of the FDF-Foyaite in the area however occurs as larger intrusions of over 

2m wide, which show well developed cumulate structures (Plate 6.6a). Asymmetric phase 

layering on a 10 em scale is common, with mineral lamination concordant with the outer 

contacts of the intrusion. Individual members of the FDF-Foya.ite are petrographically 

very similar and probably emerge from a common source at some shallow depth (Armour

Brown, et. al. 1983). 
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ii. S Motzfeldt (transgressive type) 

As shown on the original map of Emeleus and Harry (1970) the belt of FDF- Foyaite 

(SM3) can be traced from SE Motzfeldt, across Motzfeldt S0 into the E facing cliffs of 

S Motzfeldt. The FDF-Foyaite in this area is best investigated from Camp 15. At these 

low elevations and near the outer contact with JF-Julianehab granite (Plate 3.4a) the 

rock is more densely packed in character than the FDF-foyaite of SE Motzfeldt. The 

feldspar tablets are of similar size but show stronger preferred orientation. Nepheline is 

less well developed and smaller in size (1-2 mm). The foyaite occurs as one solid band in 

this area and contains large rafts of MSF-Nepheline syenite up to 50 min width (eg, 400 

m N of Camp 15, alt. 200 m). In the region below the JF-Julianehab granite roof, W 

and SW of Camp 15, rafts of gneissose material (20 to 30m in width) abound. Feldspars 

in the foyaite are laminated around the blocks and biotite becomes conspicuous. To the 

N the contact with the FDF-Porphyritic nepheline syenite was not located due to the 
r 

extensive and highly mobile s~e cover. However, the lithology change in the scree itself 

gives a fairly good indication of the approximate position. 

iii. SW Motzfeldt (transgressive type) 

At high elevations near Camp 13, FDF-Foyaite with similar cumulate structures to 

those found in SE Motzfeldt are commonly encountered (Plate 6.6b). However, only 

loose blocks were found and therefore the true intrusive relationships in this area are 

conjectural. Intermingled with the foyaite are loose blocks of subhedral equigranular 

nepheline syenite (eg, 326121) which are considered here to belong to the MSF-Nepheline 

syenite member. At lower elevations, in Lower Flinks Dal theW facing cliffs overlooking 

Camp 11 have been shown by Jones (1980) to contain foyaites which intrude 'blocky

feldspar syenite'. It is suggested here that the foyaite belongs to the transgressive FDF

Foyaite and that it intrudes the MSF-Nepheline syenite of this region in a similar dyke 

and vein network to that described in SE Motzfeldt. 

67 



iv. C. Motzfeldt (central type) 

In this region the FDF-Foyaite forms a low lying undulating plateau, roughly semi

circular in shape, and approximately 3 km in diameter, of pale grey, strongly weathered 

rock (Plate 3.10 & Plate 6. 7b ). More resistant dykes stand out strikingly from the pale 

regolith. The FDF-Foyaite outer contact with the FDF-Porphyritic nepheline syenite in 

the W and N is sharp and marked by an abrubt change of slope (the latter being more 

resistant). The contact is curved in a typical ring intrusion form and its weakness has been 

utilised by a later ring-dyke intrusion oflarvikite (SM5* of Jones 1980). The eastern outer 

contact has been truncated by the emplacement of the younger FDF-Nepheline syenite. 

To the NE, although not investigated by the author, the foyaites appear to be capped 

by the FDF-Porphyritic nepheline syenite which itself contains massive sub-horizontal 

rafts of supracrustal country rock. The FDF-Porphyritic nepheline syenite may form a 

chilled crust to the FDF-Foyaite pile or be a separate earlier intrusive event, however, 

this question remains to be fully resolved. 3.5 km NNE of Camp 11 {alt. 690 m) the 

FDF-Foyaite is exposed in situ along the NW side of a dyke. The cumulate layering of 

the very pale coarse foyaite is clear. Graded asymmetric layering occurs, with each 'cell' 

approximately 0.7 min depth. The bases of layers are iron stained and mafic rich but 

grade quickly into leucocratic foyaite over 5 to 10 ems. The layers are undulating and 

display vague channel structures with an overall trend dipping approximately 40° SE. 

v. S Motzfeldt (central type) 

S of the Flinks Dal Fault the FDF-Foyaite forms very hlgh ground {alt. 1700 m) 

of the "Harry's Dal" area. The foyaite is best observed in the 500 m high E facing 

cliffs, overlooking Camp 14. The large scale benching in the cliffs is a striking feature 

and trends approximately NNW at a dip of between 20 and 40° (Plate 6.7a). This area 

almost certainly links up with the central FDF-Foyaite of C Motzfeldt. This agrees well 

with the 6 km sinistral offset along the Flinks Dal Fault and indicates a major downthrow 

of at least 600 m to the N. 
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6.3.3 Petrographic Features 

i. Central FDF-Foyaite 

No systematic vertical sampling of the foyaite crystal 'pile' has been undertaken and 

consequently little is known about mineralogical variation with depth. Petrographic 

description presented here outlines only the main characters. 

The foyaites are coarse to very coarse grained, trachytoid nepheline syenites. Tablets 

of alkali feldspar often longer than 10 mm form a 'grain supported' framework to euhedral 

(2-4 mm) nepheline and interstitial-subophitic mafic minerals (dominantly ferro-edenitic 

amphibole). Intercumulus minerals include aegirine-hedenbergitefaegirine, arfvedsonite, 

sodalite and analcite. 

Of the secondary replacement minerals the most frequent are aegirine, cancrinite (lo

cally very abundant) and natrolite. Accessory minerals, are uncommon in the specimens 

examined, but include fluorite, apatite and Fe-Ti oxides. Exsolution and replacement 

textures are present in a whole range of varieties particularly within the felsic minerals, 

thus reflecting different magmatic environments and/or subsolidus permeabilities existing 

within the cumulate 'pile' (see Parsons & Becker, 1986). 

ii. Transgressive FDF-Foyaite (Plate 6.10) 

The cumulate assemblage includes large tabular alkali feldspar 10 to 15 mm in length, 

euhedral to subhedral equant nepheline (2-4 mm) and deep green-brown to red-brown 

ferro-edenitic hornblende (5-10 mm). The interstitial amphibole, characteristically is 

sub-ophitic to the feldspar tablets and often poikilitically encloses numerous chadocrysts 

of small nepheline euhedra (eg, 326114, 304005). The amphibole ranges from green

brown to red-brown ferro- edenite (eg, 326103) to green pale green-brown kataphorite 

(eg, 304005). Intercumulus (?) aegirine commonly forms radiating swathes up to 3 mm in 

length, examples of which Jones (1980) showed to contain up to 6.96 wt% Zr. Sodalite, 

analcite and fluorite are also locally important interstitial phases. Of the secondary 

replacement minerals the most frequent are aegirine, arfvedsonite, cancrinite (locally 
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very abundant) and natrolite. The samples studied from both SW and SE Motzfeldt 

show the felsic minerals to be badly affected by subsolidus alteration. Nepheline is 

usually turbid and the feldspars coarsely perthitic. The latter often show the internal 

development of randomly oriented feldspar micro-crystals. Although simple twinning is 

normally preserved only rarely do specimens contain feldspars with relict anorthoclase 

cores (2V: 45-60 degrees, eg, 326196). Accessory minerals are rare. 

Samples of FDF-Foyaite of SW and SE Motzfeldt are from a similar elevation, however 

foyaite from low elevations, near camp 15, and near the outer contact with Julianehab 

'granite' , has a much more densely packed character. The feldspar tablets are of 

similar size but show stronger preferred orientation. Nepheline is less well developed and 

smaller in size (1-2mm). In section interstitial cancrinite after nepheline abounds (upto 

10%) eg, 326175. Poikilitic Na-Ca amphibole is largely broken down to aggregates of 

biotite and Fe-Ti oxide. Feldspars are predominantly coarse patch microperthites with 

frequent albite rims and relict cores of braid-perthite (eg, 326175). This coarsening

replacement (Parsons, 1978) together with cancrinite and biotite development, is prob

ably associated with interactive fluids derived from the adjacent country rock. Large 

rafts (10-15 m) of Julianehab 'granite' abound in the FDF-Foyaite of this area (see field 

relations). 

6.4 FDF-Nepheline syenite 

6.4.1 Rock character and structure (Plate 6.8) 

This very coarse nepheline syenite occurs as a stock like body occupying the core 

of the Motzfeldt Ring Series and is the youngest major intrusion of the Centre. The 

rock is subhedral, equigranular and homogeneous. "Typically the rock contains large 

rectangular feldspars (2-5 em) prominent white weathering nepheline euhedra (1-3 em) 

and smaller euhedral areas of mafic minerals .... " Jones (1980). The modal percentages 

are approximately 60, 30 and 10 % respectively. 
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The unit as a whole has been well described previously (Emeleus & Harry, 1970; 

Jones, 1980) and for further details the reader is referred to these sources. 

6.4.2 Field observations 

i. C Motzfeld t 

The unit occupies about 13 km2 of C Motzfeldt and has chilled against the FDF

Porphyritic nepheline syenite. Contact zones between the two are generally well exposed 

and accessible. The northern contact, is easliy traced SW of Camp 7 across the 1133 

m lake and over the 1278 m hill. The FDF-Nepheline syenite near the contact becomes 

nepheline free and porphyritic (eg, 304112). The mafic minerals occur as small rounded 

isolated crystals ( < 5 mm), often surrounding the larger prominent, rectangular feldspars 

(c.10 mm). No xenolith material material was found at these localities. However, sample 

304127, taken 500 m ENE of Camp 7 and within the FDF-Nepheline syenite, appears to 

be flinty, recrystallised FDF-Porphyritic nepheline syenite. Jones (1980) also mapped a 

very large raft (c.200 m long) of the latter enclosed by the FDF-Nepheline syenite, 300 

m S of Camp 7 on the 1343 m hill. A notable feature of the FDF-Nepheline syenite is 

the large number of sub-horizontal, trachytic, xenolith rafts, 5 to 100 m in size, which 

are particularly concentrated in the vicinity of the 1133 m lake near Camp 7. The 

characteristic lithology is a blue, flinty, microsyenite often bearing small (2-4 mm) isolated 

coppery mica flakes. The rafts have been considerably recrystallised and are often net 

veined and brecciated by the nepheline syenite material (Plate 3.3b ). 

The FDF-Nepheline syenite/FDF-Porphyritic nepheline microsyenite contact was also 

examined in the Upper Flinks Dal region. Again the FDF-Nepheline syenite decreases 

in grain size and develops a nepheline free porphyritic texture ( eg, 200 m NW of Camp 

12, alt. 1200 m and 300 m E of Camp 12, alt 580 m). Other features of note in this 

area, include the occurrence of pegmatite sheets in the coarse nepheline syenite (a rare 

example in the Flinks Dal Formation), located in the waterfall exposures, 170 m E of 

Camp 12 and the occurrence of moderately well developed mineral lamination found in 

loose blocks of PDF-Nepheline syenite on the NE side of the 696 m lake (Plate 6.8b ). 
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Because of the extremely coarse and relatively homogeneous character of the FDF

N epheline syenite it is one of the most readily distinguished units of the Motzfeldt Centre. 

6.5.3 Petrographic features (Plate 6.11) 

This very coarse granular nepheline syenite principally consists of rectangular alkali 

feldspar (commonly up to c. 30 x 20 x 15 mm), large equant nepheline euhedra to sub

hedra (c. 20 mm) with interstitial clot-like areas of pyroxene, amphibole and accessory 

Fe-Ti oxide and apatite. Secondary biotite, aegirine-augite and Fe-Ti oxide are frequently 

associated with the mafic areas whereas sodalite, analcite, albite and gieseckite usually 

accompany the felsic minerals. The mafic mineral clots characteristically comprise early 

formed ferrosalite with rims of aegirine-augite (2-5 mm), mantled by subhedral red

brown to pale green-brown ferro-edenite (eg, 272490; Plate 6.11) or less commonly green 

katophorite (up to 10 mm ). The alkali feldspar displays predominantly, coarse mesop

erthitic texture and commonly includes small irregular blebs of nepheline (eg, 304113). 

Baveno 'herring bone' twinning is very common. In addition, several specimens exam

ined have two generations of feldspar (eg, 272490). The second feldspar phase is seen 

to mantle the large feldspar crystals as well as forming separate bladed crystals ( c.20 x 

5 mm). This phase is distinguished in hand specimen by its whiter colour, and in thin 

section, usually by a finer mesoperthitic texture. 
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r . Plate .· 6 .. 1 . I 

a. 

FDF-Porphyritic nepheline syenite ( SM2 ) . SE Motzfeldt ( SM2). Typical 

example containing distinctive dark grey porphyry xenoliths. The rock is 

fresh, hard and often shows feldspar lamination. ( CB.82.C.03.21). 

b. 

FDF-Porphyritic nepheline microsyenite (SM2). SE Motzfeldt. Example 

close to the MSF contact and containing angular MSF-Nepheline syenite 

xenoliths. (CB.82.C.l5.33). 



Plate 6.-2 

a. 

FDF-Porphyritic nepheline microsyenite (SM4). C. Motzfeldt, Flinks Dal 

(east). Example from contact zone containing MSF-Nepheline syenite and 

dark grey porphyry. (CB.84.C.05.27). 

b. 

FDF-Porphyritic nepheline syenite (SM4). C. Motzfeldt (north). Example 

frpm the contact zone showing similar features as above. (CB.82.C.09.07) . 



Plate 6.3 

a . 

.::.F..:...D..:...F_-_P-=o--r_.p~h_.y'-r-~_· t'-~-· c_....:.n..:..e.._p_h_e_l_i_n'-e---'m-'--'-i-'-c_r..:..o..:..s""-y-'-e-n_i_t_e __ (-'-S-M_2.:...). SE Mot z f e 1 d t. Intruded 

by FDF-Foyaite containing xenoliths of coarse MSF-Nepheline syenite. 

Notice porphyry xenoliths 'drawn out' parallel to the feldspar 

lamination. (CB.82.C.02.16). 

b. 

FDF-Foyaite (SM3). SE Motzfeldt. The foyaite clearly intruding MSF-

'N e ph e 1 in e syenite. Notice orientation of feldspar 

tablets. (CB.82.C.02.19). 



/' Plate 6.4. 

a. 

FDF-Foyaite (SM3). SE Motzfeldt. Coarse grained foyaite with tabular 

feldspars, poikilitic amphibole, grey sodalite and red nepheline. 

(CB.82.C.03.20). 

b. 

FDF-Foyaite (SM4). S Motzfeldt. Showing the characteristic 'framework' 

of feldspars, interstitial mafic minerals and nepheline. Small nepheline 

euhedra can be seen enclosed by poikilitic black amphibole. 

( CB. 84. C. 08.28). 



t Plate 6.5 _.I 

a. 

FDF-Foyaite (SM4). S Motzfeldt ("Harry's Dal"). Enclosed is a xenolith 

of coarse and blocky MSF-Nepheline syenite. (CB.84.C.ll.07). 

b. 

FDF-Foyaite (SM3). SE Motzfeldt. Foyaite showing flow lineation around 

a MSF-Nepheline syenite xenolith. (CB.84.C.06.10). 



I. Plat.e 6.6 · 
I 

a. 
FDF-Foyaite (8M3). SE Motzfeldt. Showing cyclic mafic layering very 

well developed within a dyke of foyaite cutting MSF-Nepheline syenite 

(right of hammer). (CB.82.C.Ol.05). 

b. 

FDF- Foyaite (SM4). S Motzfeldt. (The Wall). Similar development of 

asymmetric, cyclic phase layering as above . Mafic phases decrease whil e 

nephe 1 ine in particula r , increases . (CB.84.C . 08 .26). 



I·. Plate ·6.7· 

• 
a. 

FDF-Foyaite (SM4). s. Motzfeldt. Lar'ge scale benching in the Foyaite, 

seen in the east facing cliffs of Harry's Dal. (CB.84.C.l0.32). 

FDF-Foyaite (SM4) . C Motzfeldt (west). The central Foyaite N of the Flinks Dal Fault corre

sponding to above, ie. offset sinistrally by 6 km and downthrown c.400 m. Large scale benching 

is also developed. 



.·Plate 6.8 

a. 

FDF-Nepheline syenite (SM5). C Motzfeldt (Flinks Dal). Typical example 

of very coarse rock with conspicuous nepheline and two generations of 

feldspar. The large feldspars have - digested cores. (CB.84.C.05.10). 

b. 

FDF-Nepheline syenite (SM5). C Motzfeldt. (Flinks Dal). Shows partially 

developed feldspar lamination. 



t ~late 6 .9 

FDF-Porphyritic nepheline microsyenite. C Motzfeldt. (304101). Phenocrysts 
include elongated cryptoperthite, nepheline, ferrosalite and fayalite (note 
strong optical zonation - top right). X.P. 9mm. 

As above. P.L. The groundmass consists of granular crystals of alkali 
feldspar, nepheline, blue-green amphibole and rare aenigmatite. 



Plate 6.10 

FDF-Foyaite. SW Motzfeldt. (326113). Interlocking framework of perthite 
laths with poikilitic brown-green ferro-edenite/katophorite amphibole which 
completely enclose grey nepheline euhedra. X.P. 9mm. 

As above. SW Motzfeldt. (326114). P.L. 9mm. 



FDF-Nepheline syenite. C Motzfeldt. (272490). Very coarse subhedral 
granular rock, comprising mesoperthite, nepheline and mafic aggregates. 
X.P. 9 mm. 

As above P.L. 



Plate . 6.1 · 

a. 

FDF-Porphyritic nepheline syenite ( SM2 ) . SE Motzfeldt (SM2). Typical 

example containing distinctive dark grey porphyry xenoliths. The rock is 

fresh, hard and often shows feldspar lamination. (CB.82.C.03.21). 

b. 

FDF - Porphyri tic nephe 1 ine microsyeni te ( SM2). SE Mot zfe ld t. Ex ample 

close to the MSF contact and containing angula r MSF - Nepheline syenite 

x enoliths. (CB.82.C.l5 .33) . 



ChapteJr 1' = The Ring=dlykes andl minoJr h1liitusions 

7.1 Introduction 

Minor intrusions are abundant throughout Motzfeldt and occur in various sizes ( c.1 

to c.300 m) as sub-horizontal sheets, dykes or ring-dykes. The minor intrusions which are 

demonstrably related to the major plutonic formations of Motzfeldt have been discussed 

earlier in this work. This section includes the units Laminated alkali syenite, Lami

nated porphyritic syenite and the Poikilitic arfvedsonite microsyenite which comprise 

the Motzfeldt Hypabyssal Series. In addition, briefly discussed are those units (more 

fully described by Jones, 1980) which are probably related to the Flinks Dal Formation, 

the Larvikite ring-dyke and the Lujavrite sheets of SW Motzfeldt. 

The ubiquitous Gardar dykes which swarm roughly NE through the Centre are not 

discussed in this work (for details see Pearce, 1988). 

7.2 Laminated alkali syenite 

7.2.1 Rock character and structure (Plate 7.1) 

This unit forms at least two major, closely associated sheet-like bodies restricted to 

NE Motzfeldt. These sheets outcrop low in the massive W facing cliffs that overlook 

Motzfeldt S¢ between Ljer elv and Qiterdleq (Plate 7.1b). Together they comprise a 

thickness of about 300m and dip approximately 45 degrees NE. This unit was previously 

described and mapped as belonging to the partial ring dyke SM3, by Emeleus and Harry 

(1970) and Jones (1980), the absence of nepheline being attributed to the lower elevation 

of exposure. Subsequent surveys have shown these units to be unrelated. The Laminated 

syenite, intruding MSF-Altered syenites, is cut by the Laminated porphyritic syenite ring 

dyke, and the Alkali-gabbro gia.nt dyke. 

The texture of thP syenite is distinctive, though variable. Feldspar lamination is char

acteristic, however the direction of orientation is often laterally inconsistent. Typically 
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the pale grey to cream coloured, massive rock comprises well oriented bladed feldspars 

(> 65%), 5 to 10 mm in length and poikilitic rounded to subhedral crystals of black am

phibole ( < 25%), 5 to 15 mm in size. In fine grained varieties the mafic phase becomes 

interstitial and anhedral. Although igneous lamination is conspicuous, igneous layering 

is uncommon. One example was found in a loose block, where asymmetric cyclic phase 

layering (on a 10 em scale) was well developed. A remarkable characteristic of the unit is 

the great variation of feldspar grain size within a single exposure. This texture can give 

the rock a streaky appearance often with a fine- grained facies enclosing mineralogically 

identical 'stringers' of coarser type. 

Unfortunately most of the unit in the cliff face is inaccessible and exposure in the 

valleys is restricted due to extensive scree and vegetation cover. 

S of the Flinks Dal Fault, no trace of Laminated alkali syenite has yet been found, 

and this remains a puzzle. On a large scale, all feldspar laminations measured in and 

around Ljer elv are oriented roughly parallel to the dip (NE) and strike (NW) of the 

visible structure of the unit. However in the area W of Camp 10 (viz, at the S end of 

the syenite body) the measured laminations have a similar strike (NW) but a prominent 

steep dip to the SW. Moreover, the sheet-like structure is not visible in the cliffs above 

this area. It is possible that the sheets change dip direction downwards, where they 

assume an inward dipping ring dyke form. 

On the northern flanks of Ljcr elv the Laminated alkali syenite forms much of the 

S~T facing slopes. Northward, however the topography hindered mapping progress and 

this area needs further study. 

7.2.2 Petrographic Features (Plate 7.7) 

The rock has a distinctive texture consisting predominantly of trachytoid alkali 

feldspar and subophitic poikilitic green-brown katophorite amphibole. This texture 

is consistent throughout the unit although the grain size varies from fine-medium to 
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medium-coarse. Th~ other main minerals include pyroxene and corroded fayalitic olivine. 

Zircon, iron ore and apatite are common accessories, as is secondary orange biotite. 

Lamellar alkali feldspar ( a.v 4 mm in length) showing moderate to strong trachytoid 

texture makes up the bulk of the rock {60-80%). The normative mineralogy indicates 

consistently Ab > Or in feldspar bulk composition (mean of 7. Or 39.2, Ab 59.6, An 

1.2). In section both unexsolved cryptoperthite {anorthoclase) and mesoperthite or an

tiperthite often occur together. The anorthoclase may form central cores to coarse patch 

(anti)perthites as noted by Jones 1982 (eg, 304718) or, interestingly, be confined to the 

crystals enclosed by the amphibole poikilocrysts ( eg, 304078). The high temperature 

form, t.herefore has been essentially isolated from the further actions of 

fluid interaction (see Parsons, 1978). In addition, the enclosed feldspar is persistently 

smaller and generally less well laminated than that of the 'matrix'. The amphibole poik

ilocrysts range in size from 3 to 10 mm and enclose not only feldspar but early formed 

olivine and pyroxene. Fluorite inclusions are also occasionally present. All amphiboles 

are iron rich (FeOT > 28% Wt), show strong absorption colours and are pleochroic in 

shades from deep green to deep brown. Compositionally the crystals usually straddle the 

ferro-edenitefkatophorite border with the chemical substitution Ca2 +AP ~Na1 +Si4 tak

ing place outwards. This is marked optically by a change in dominant colouration from 

brown to green. One crystal analysed was zoned from a core of ferro-edenitic hornblende 

(brown) through ferro-edenite (green brown) to katophorite (green). Pyroxene ranges 

from 0 to 15% of the mode, usually occuring a.s small crystals ( < 2 mm) with cores of 

pale-green ferrosali~e and rims of bright green pleochroic aq;;i rine-hedenbergite. Pyroxene 

is most abundant in the mafic rich layers where the pyroxene/amphibole ratio may be as 

high as 0.5. The crystals are invariably enclosed by the amphibole in all but the finest 

grained varieties (see below). Of similar occurence are rounded and corroded anhedra of 

faya.lite (0.5 to 1 mm). The crystals may be locally abundant in mafic rich layers (up to 

10% eg, 304095a) and frequently wholly or partially altered to orange- red iddingsite. In 

several specimens examined zircon is an important accessory ( eg, 304078) and occurs as 

small isolated euhedra 0.5 to 1 mm in size. Fluorite is nearly always present, as small 
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( < 0.5 mm) rounded crystals within. the amphibole and increases in importance with 

the appearance of zircon. Specimen 304078 is a partially mineralised variety with zir

con, fluorite and pyrochlore all in evidence. Significantly biotite is present and the alkali 

feldspar is coarsely patch (anti)perthitic. Interstitial sodalite/analcite partially altered 

to white mica is also present (3-4%) and shows up in the normative mineralogy as 4.2% 

wt nepheline. 

7.3 The Laminated porphyritic syenite 

7.3.1 Rock character and structure (Plate 7.2) 

Syenites belonging to this unit comprise a belt/suite of ring dykes and sheets that 

follow a curved course (concave inward) through NE and SE Motzfeldt. The belt is 

sinistrally offset by approximately 6 km along the Flinks Dal Fault. This 'unit' is much 

more extensive than previously described. During the 1982 survey the author noted 

the presence of the rock in NE Motzfeldt: "In this area coarse laminated syenites have 

been found cutting syenites of the Motzfeldt So Formation. However they are nepheline 

poor ...... Correlation of the syenites is difficult and they can only tentatively be classified 

as belonging to the Foya.ite member " (Bradshaw & Tukiainen, 1983). Further work in 

1984 located the syenite in SE Motzfeldt and proved it to be unrelated to the FDF

Foyaite (SM3). In the accompanying geological map (Enc.l) the 'unit' is portrayed only 

diagramatically, as the syenite comprises many irregular/sinuous dykes and sheets of 

varying sizes (1 to 50 min width) which intrude the older rocks (Plate 7.3 & 7.4). Very 

detailed mapping is necessa.ry to accurately place the individual members of this unit. 

The recent surveys have shown however that the unit as a whole is laterally consistent and 

individual intrusions within t.hc belt dip vertically or steeply to theW. The Laminated 

porphyritic syenite is a. very distinctive rock and is easily distinguished from most other 

syenite bodies in the Centre. Typically the individual Laminated porphyritic syenite 

dykes or sheets are internally 'zoned' para.llel to the outer contacts and comprise three 

gradational types. These variations in lithology are in part due to strong chilling and 

well-developed flow differentiation which are characteristic of the unit. Almost every 
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contact zone found is marked by a distinctive chilled margin. This margin is steel

grey in colour, 10 to 50 em wide, fine grained and almost invariably aphyric. Often 

glassy flow banding may be seen as thin bands which parallel the contact, or, where the 

contact is irregular, as swirling eddy currents along the margins. This outer zone grades 

abruptly into a distinctly porphyritic rock {Plate 7.4a). This syenite is characterised by 

a predominance of tabular feldspar phenocrysts ( c.12 x 8 x 2.5 mm) in a fine-medium 

grained matrix. Mafic minerals also occur in the phenocryst assemblage. Rounded sub- to 

anhedral crystals of dark-green alkali amphibole containing grass green pyroxene cores 

are common (15%) and ra11gc in size from 0.5 to 6 mm. Feldspars, unlike the mafic 

minerals 1 often display a well developed preferred orientation and remain of remarkably 

consistent size throughout the unit. Conversely the mafic minerals show a range of sizes in 

hand specimen giving the rock a seriate texture. The modal proportion of the phenocryst 

assemblage gradually increases inwards from the contact until the groundmass disappears 

altogether. The rock of this 'central zone' is a laminated syenite with tightly packed 

mafic minerals (Plate 7 .2b ). This densely phyric rock is grey in colour, massive and 

noticeably heavy. Mafic minerals are interstitial, less than 5 mm in size and commonly 

poikilitic. Poikilitic, dark-grey acnigmatite is often conspicuous in hand specimen and 

may comprise up to 10% of the rock. This variety does not develop in the smaller 

intrusions of Laminated poikilitic syenite (ie. < 10 m wide) but is important in the 

larger bodies, particularly ncar Storeclv and in the very high ground of SE Motzfeldt, 

where slightly red stained varieties can look very like MSF-Marginal syenite. Unlike 

the latter the Laminated porpltyritic syenite commonly contains accidental inclusions. 

Xenoliths of neighbouring syenites arc common, but also frequent and more widespread 

are 'giant' feldspar XCJJocrysts 5 to 15 em in length. 
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7.3.2 Field Observations 

i. SE Motzfeldt 

The belt of Laminated porphyritic syenite roughly follows the line of a high ridge 

(> 1600 m alt.) and its W facing cliffs, situated 1.5 km E of Camp 2. The geological 

relations are well displayed in the steep W facing cliffs (1548 m summit), 1.5 km NE of 

Camp 2 (Plate 7.5a). The cliff face contains a number of dyke like bodies ( < 10 m in 

width) of Laminated porphyritic syenite which intrude red-stained MSF-Altered syenite. 
~ 

The 'dykes' trend roughly parallel to the cliff face and make it appear that they comprise 

the whole face. Field work undertaken by GGU-Pyrochlore geologists located many 

contact zones between the MSF-Altered syenite and the Laminated porphyritic syenite 

(see Bliksted, 1984; field notes). Field evidence shows the Laminated porphyritic syenite 

has clearly chilled against the Motzfeldt Sill Formation and the characteristic features 

of flow differentiation and flow banding are commonly encountered. The Laminated 

porphyritic syenite contains numerous rounded xenoliths of very coarse nepheline syenite 

and also large feldspar xenocrysts, 5 to 10 em in length. In the very high ground of SE 

Motzfeldt around Camp 5 the Laminated porphyritic syenite was previously mistaken 

for the MSF-Marginal syenite (Bradshaw & Tukiainen, 1983). Most of the outcrop in 

this region is plateau-talus and although this has not moved far, the complex intrusive 

relations of the Laminated porphyritic syenite are difficult to follow. 

ii. NE Motzfeldt 

Storeelv 

Much of the low ground adjacent to, and S of Camp 9 is Laminated porphyritic syen

ite. The dense grey rocks stand out from the pink Geologfjeld Formation syenites which 

they intrude. The Laminated porphyritic syenite forms a belt of intrusions at least 50 m 

wide, which follow a curving SE course. The sharp outward contact is very well exposed 

beside Camp 9 and can be traced SE for about 400 m. The contact is then 'lost' in the 

steep cliff faces that overlook Sermia Avanardleq and Motzfeldt Sill. The inner (westerly) 
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contact is hidden by scree and glacial moraine. The marginal facies of the Laminated 

porphyritic syenite near Camp 9 is extremely porphyritic and contains numerous angular 

inclusions of the adjacent pink laminated syenite of the Geologfjeld Formation. Within 2 

m from the outer contact the phenocrystfgroundmass ratio increases from 0.25 to 9, with 

the densely phyric variety predominating. Accidental inclusions are particularly common 

in the Laminated porphyritic syenite of this area. In addition to the characteristic grey 

feldspar xenocrysts, massive, rounded feldspar pegmatite xenoliths occur that may be 

up to 50 em. in size. This ro,ck may represent the source of the frequent xenocrysts. 

The Laminated porphyritic syenite is clearly cut by rusty mineralised PMS-microsyenite 

sheets although the xenolith varieties include angular blocks of felsic porphyritic MSF

microsyenite up to 30 em in size. 

Ljer elv 

300 m N of Camp 6 the Laminated porphyritic syenite truncates two dykes that follow 

the normal Gardar trend for the area whereas the Gardar dykes at Storeelv unequivo

cally cut the Laminated porphyritic syenite (Pearce & Emeleus, 1985). The Laminated 

porphyritic syenite intrudes the MSF- syenites and the laminated alkali syenite intrusions 

500 m NNW of Camp 6 in the foot slopes of the cliffs these relationships are clearly ex

posed. Here porphyritic and aphyric Laminated porphyritic syenite intrudes in a highly 

irregular manner leaving screens of Laminated alkali syenite which contains xenoliths 

of MSF-Altered syenite (Plate 7.3b ). Good exposure is also found in the stream gorge 

200m SE from Camp 6 where several roughly N-S. Laminated porphyritic syenite dykes 

intrude the Laminated alkali syenite and Motzfeldt S0 Formation. The intrusions in 

the gully are generally narrow and well spaced apart (ie, > 20 m). On the south side 

of the stream a Laminated porphyritic syenite/Laminated alkali syenite contact is well 

exposed. The Laminated porphyritic syenite dyke is 15 m wide, strikes N-S and dips 

55 degrees E, truncating the feldspar lamination of the Laminated alkali syenite clearly 

(Plate 7.3a). The 15 em wide aphyric chilled margin of the Laminated porphyritic syenite 
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grades quickly into the porphyritic variety, where the feldspar phenocrysts show strong 

orientation parallel to the contact. 

The Laminated porphyritic syenite in the Lejr elv area also contains the characteristic 

pegmatite xenoliths and 'giant' feldspar xenocrysts. 

7.3.3 Petrographic features (Plate 7.8) 

This rock occurs in a suite of arcuate dyke-like units in NE and SE Motzfeldt. Textu

rally the rock may vary considerably (see 5.3.2) particularly in the phenocryst/groundmass~ 

ratio. The dominant feature, however is its inequigranular, laminated feldspar-phyric na

ture. Chemically, the rock is generally per alkaline with an average (N a+ K) / Al ratio of 

1.12 (mean of 14); and this is reflected in the mineralogy throughout. Characteristically, 

lamellar alkali- feldspar euhedra predominate and when densely packed, form a trachytoid 

framework to the groundmass. The feldspar is very similar to that of the laminated alkali 

syenite. Mesoperthite predominates, with coarse patches and rims showing albite twin

ning with cores and isolated patches of anorthoclase (cryptoperthite). Simple twinning 

is usual and relatively unexsolved varieties also show 'herring-bone' manebach textures. 

In the groundmass, the subhedrallath-like feldspars generally form an equigranular, ran

domly oriented matrix. Most are coarse patch perthites (Parsons, 1978) with the Or 

portion being most common in the centre of the crystals. Separate interstitial anhedral 

microcline however, does occur in some specimens examined. 

In the field the unit shows very well developed flow differentiation (Plate 7.4a) where 

the early formed minerals are crowded toward the centre of the intrusion. Accordingly, 

the most 'primitive' mafic minerals are found in the densely phyric varieties (eg, 304032). 

Typically rounded anhedra of zoned pyroxene (ferrosalite-aegirine hedenbergite) 1 to 3 

mm in size are mantled by the amphibole. Corroded olivine or olivine pseudomorphs may 

be similarly disposed. Amphibole shows a wide range of composition and habit even on 

thin section scale. The early formed amphibole is usually red-brown to brown ferro

edenite or even ferro-edenitic hornblende. These crystals are clearly zoned (although 

the change is abrupt) to green-brown kataphorite margins. This compositional change 
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is coupled with a change in habit. The direction of further growth has been noticeably 

governed by the large feldspar phenocrysts and the amphibole has become distinctly 

poikilitic to the small feldspar laths of the groundmass ( eg, 304032). Further zoning and 

poikilitic growth continued with the development of blue-green to green ferro-richterite. 

Greenish blue to yellow green arfvedsonite is the normal amphibole of the groundmass. 

Aenigmatite, (5-10%) forms interstitial deep red-brown poikilocrysts 1 to 2 mm in diam

eter. The groundmass feldspar laths ( < 0.3 mm) enclosed are generally larger than those 

enclosed by the similarly poikiijtic green-blue amphibole. 

1.4 Poikilitic arfvedsonite microsyenite 

7.4.1 Rock character and structure (Plate 7.5) 

This rock has been previously described petrographically and analysed by Jones (1980) 

under the heading East Motzfeldt Satellite (EM.b ). It occurs as a sheet > 60 m thick, 

dipping Eat approximately 20-30°, and capping the central high ground of SE Motzfeldt 

(alt. 1739 m). In hand specimen the grey-green 'glassy' rock has a mossy appearance 

due to irregular rounded patches of poikilitic black amphibole and poikilitic aenigmatite 

both about 10 mm in size. Together they comprise approximately 30% of the rock. The 

fine grained to glassy felsic matrix also contains sporadic bladed feldspar crystals 5 to 8 

mm in length. Xenoliths of both MSF-Altered syenite and laminated porphyritic syenite 

are common. The feldspar 'phenocrysts' are in fact xenocrysts derived from the latter 

rock and examples are common showing how the Laminated porphyritic syenite xenoliths 

are broken down and 'stripped' of their feldspar phenocrysts. 

The sheet is clearly exposed (although inaccessible) high in the west facing cliffs (1548 

m peak) 1.5 km NE of Camp 2 (Plate 7.4a). The sheet dips approximately 30° ESE. S 

from this cliff face, due to displacement along theSE Motzfeldt Fault (Thkiainen, 1986b; 

Fig 9.1.2c, this work) the sheet outcrops on the central high ground of SE Motzfeldt and 

is extensive as loose block material. In situ exposure is restricted and indeed has not 

been found by the author (slide CB.82.C.05.34). 
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7.4.2 Petrographic Features (Plate 7.9a) 

The rock is very distinctive due to 'moss-like' rounded 3 to 6 mm poikilocrysts of 

arfvedsonite and aenigmatite. These occur in roughly equal proportions and comprise 

between 20 and 35% of the mode. The remainder is taken up mainly by a fine grained 

groundmass of alkali feldspar showing trachytic texture, together with very small crystals 

or needles of Na mafic minerals. The arfvedsonite poikilocrysts are pleochroic in shades of 

deep green-blue to yellowish-green, They enclose c.60% by volume of small ( < 0.2 mm), 

but distinct feldspar laths which often show preferred orientation although now 'closed' 

from the groundmass. The feldspar in the latter differ little in size but are more difficult to 

distinguish individually. Flow alignment around the poikilocrysts is normally developed. 

The deep red-brown to opaque aenigmatite poikilocrysts are on the whole, more 'open' to 

the groundmass and the feldspars enclosed show less alignment. Commonly the crystals 

become partially skeletal with a ghost-like cleavage being apparent. Xenocrysts of cryp

toperthite (1 to 6 mm) may be abundant (up to 5%); they invariably have resorbed and 

corroded margins having been stripped from the Laminated porphyritic syenite through 

which the unit intrudes. The alkali feldspar of the groundmass, because of its small size 

is difficult to establish optically. Lamellar twinning however can be distinguished clearly 

and is probably confirmation of the albite dominated bulk feldspar composition as given 

in the normative analysis (Table A3.2), that is (mean of 7) Or 37, Ab 63, An 0. 

7.5 Other Minor Intrusions 

7.5.1 Introduction 

Included in this section are the minor intrusions; (FDF?)-Larvikite ring-dyke (SM5*) 

of Jones (1980) and (FDF?)-Lujavrite sheet intrusions (SM6) of Jones (op. cit.). They are 

summarised here to _give an overall coverage of the intrusive members of the Motzfeldt 

Centre. Both rocks .are considered to be members of the Flinks Dal Formation. The 

Larvikite has been related genetically, by Jones, (1980), to the marginal facies of the FDF

Nepheline syenite (SM5), whereas the (FDF)-Lujavrite was considered to have evolved 
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from the highly alkaline residuum (probably) of the FDF-Porphyritic nepheline syenite 

(SM4). Remarkably, these rock types represent the two end-member lithological and 

geochemical compositions found in the fresh intrusive units of Motzfeldt. 

7.5.2 (FDF)-Larvikite (SM5*) (Plate 7.6 & Plate 7.10) 

This rock occurs in C Motzfeldt (west) as an arcuate ring-dyke, approximately 8 

km long and up to c.60 m wide. The dyke appears to have intruded along the weak

ness provided by the FDF-Porphyritic nepheline syenite/ FDF-Foyaite contact, a.nd now 

partially circumscribes the latter. The unit is probably the last intrusive phase of the 

Motzfeldt Ring Series, and indeed possibly the Motzfeldt Centre. This 'last gasp' in

trusion of more basic magma is a. common occurrence in many of the central complexes 

of the Garda.r Province ( eg. Upton, 1960), and ha.s been used to imply the existence 

of fractionating basic magmas at depth (Upton, 1976). The rock itself wa.s described 

originally as a. syeno-ga.bbro (Emeleus & Harry, 1970), however the petrographic studies 

of Jones noted the similarity with the la.rvikites of the Oslo district of Norway. In hand 

specimen the characteristic schillerisation of the feldspars is often visible, despite the 

often well developed chocolate brown weathered staining. Thin sections (Plate 7.10), 

show the subhedral- equigranular rock comprises cryptoperthite, deep-brown amphibole 

(Ferro- edenitic hornblende), salite and rounded fa.ya.litic olivine. Nepheline is frequently 

present in small amounts ( <5%) occurring mainly as irregular blebs within the feldspar 

crystals. Apatite and Fe-Ti oxide a.re common accessory minerals. 

7.5.3 (FDF?)-Lujavrite (SM6) 

Subhorizontal microsyenite sheets, many of which a.re of peralkaline Lujavrite compo

sition (Jones, 1980), are numerous in theN a.nd W facing cliffs of the Flinks Dal Valley 

(Plate 3.10). This complex but largely inaccessible array of intrusions can be traced from 

the 'HY' syenite of Jones (1980) for over 5 km westward to Lower Flinks Dal. If the host 

rocks of this area do prove to be members of the Motzfeldt S!Zi Formation a.s conjectured 

by Tukiainen, Bradshaw a.nd Emeleus, (1984); Bradshaw (1985), then the Luja.vrites a.re 

probably intrusive bodies derived a.nd extended from the ::~rljacent Flinks Dal Formation. 
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This relationship would be analagous to that seen in NE Motzfeldt, where the MSF

Peralkaline microsyenite sheets intrude the older and previously consolidated Geologfjeld 

Formation. 

Lithologically, the sheets consist of white and dark lujavrite in roughly equal pro

portions with very subordinate green lujavrite (Jones, 1980). Phase 'banding' and flow 

structures are very common and similar to those described in the Peralkaline microsyenite 

of NE Motzfeldt. As in those rocks, eudialyte appears to be sparse in many lujavrites. In 

addition, the feldspars display-strikingly similar forms and compositions with trachytic 

texture prominent among the small laths (1-3 mm). They are predominantly albite dom

inant patch perthites with the microcline component commonly restricted to the central 

cores of their crystals. Jones (1980), however, notes the paucity of amphibole in the 

lujavrites which is in contrast to the Peralkaline microsyenites of NE Motzfeldt. This 

possibly reflects the 'drier' character of the Flinks Dal Formation magmas compared to 

those of the Motzff'ldt S0 Formation as displayed by their Jack of pegmatite and well 

developed cumulate layering. Rare minerals include; eudialyte, pectolite,· manganoan 

pectolite and pyrochlore. Jones (1985), concluded that the lujavrites are "Late stage 

products derived by extensive fractionation of nepheline syenites, either of unit SMl or 

SM4." 

In summary, lujavrites form a swarm of sub-horizontal sheets, intruded (as magma) 

at high levels into the older syenites (probably MSF) of SW Motzfeldt. 
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(. Plate .·7.1 

a. 

Laminated alkali syenite. NE Motzfeldt ('Lejr elv'). Example showing 

poikilitic amphibole and weakly laminated feldspar tablets . 

(CB.82.C.07.25). 

Three separate 'sheets' of Laminated alkali syenite visible (as indicated) in theW facing 

cliffs of NE Motzfeldt (Lejr elv ). 



Plate 7.2 

a. 
Porphyritic laminated syenite. NE Motzfeldt (Storeelv). Strongly 

porphyritic-seriate variety enclosing xenolith of altered GF-Geologfjeld 

syenite. (CB.84.C.03.35). 

b. 

Laminated porphyritic syenite. NE Motzfeldt (Storeelv). Densly phyric 

variety enclosing xenocryst of feldspar (a common feature of the unit). 

(CB.84.C.03.24). 



Plate .7.3· 

a. 

Porphyritic laminated syenite cutting Laminated alkali syenite. Note 

aphyric margin to the former. NE Motzfeldt ('Lejr elv'). 

(CB.84.C.l0.03). 

b. 

Laminated alkali syenite enclosing blocks of MSF syenite, both being cut 

by the aphyric margin of the Porphyritic laminated syenite. NE 

Motzfeldt ('Lejr elv'). (CB.82.C.07.34). 



·Piate 7.4 ... · 

a. 

A dyke of Laminated porphyritic syenite showing flow differentiation and 

an aphyric margin. NE Motzfeldt ('Lejr elv'). (CB.82.C.08.22). 

b. 

Dykes of Porphyritic laminated syenite cutting pink syenite of the 

Geo log£ je ld Format ion. NE Motzfe ld t (Storeelv). (CB.84.C.03~08). 



l: Plate 7.5 

b. 
Poikilitic arfvedsonite microsyenite. SE Motzfeldt. Sheet cutting red 

MSF-altered syenite and grey Laminated porphyritic syenite. View W- E 

(CHE . 82.). 

a. 
Poiki 1 it ic arfvedsoni te microsyeni te. SE Mot zfeldt. Typical e xample 

with characteristic mossy aggregates of arfvedsonite and aenigmatite in a 

grey-green trachytic matrix . (CB.83 . C.Ol.l5). 



I . 
L ~late 7.6 

Larvikite (SMS*). From the ring-dyke in C Motzfeldt (west). A coarse, 

blocky, mesotypic rock with iridescent feldspar. 

Alkali gabbro. C Motzfeldt. From the composite giant dyke. Typical aphyric 

microgabbro from the chilled margin and a medium-coarse variety. 



~- Plate 7.7 

Laminated alkali syenite. NE Kotzfeldt. (304097). Laminated alkali 
feldspar (Simple twins) with subophitic amphibole is the characteristic 
texture of the unit. X.P. 9mm. 

As above P.L. The amphibole is green-brown katophorite with occasional 
cores of brown ferro edenitic hornblende. Sporadic, corroded crystals of 
olivine (upper left), ferrosalite (lower right) and aegirine-hedenbergite 
(central) are commonly enclosed by the amphibole. Common accessories 
include zircon, orange-red biotite (middle left) and Fe-Ti oxides. 



Plate 7.8 

Laminated porphyritic syenite. NE Motzfeldt. (304090). Bladed alkali 
feldspar (invariably laminated) forms a framework to the groundmass, which 
comprises, small feldspar laths, Na-pyroxene and blue-green amphibole. The 
poikilitic mafic minerals include amphibole and red aenigmatite. X.P. 9mm. 

As above. P.L. Corroded crystals of olivine (not seen) and ferrosalite 
(left centre) are common and usually enclosed by the bib 1 ( 
katophorite). amp o e dominantly 



Plate 7.9 

Poikilitic arfvedsonite microsyenite. SE Motzfeldt. (304033). Typical 
texture shown. Rounded poikilocrysts of blue-green amphibole and red-black 
aenigmatite (as indicate). Corroded clear feldspar xenocrysts (central) 
are a common feature and are derived from the adjacent laminated 
porphyritic syenite unit. P.L. 5mm. 

MSF-Marginal syenite. NE Motzfeldt. (304710). From pegmatitic apophyses 
cutting basement country rock. Blue-green arfvedsonite and albite rich 
feldspar. P.L. 5mm. 



Plate 7.10 

Larvikite. Ring-dyke. C Motzfeldt (west). (272454). Subhedral granular 
rock with corroded oliYine, (top left), zoned pyroxene (lower left), 
amphibole (central), biotite, Fe-Ti oxides and apatite needles. Alkali 
feldspar (anorthoclase/cryptoperthite) makes up the bulk of the rock 
although nepheline occurs sporadically as distinct crystals (top-middle) 
and as exsolved blebs (top right). X.P. 9mm. 

As above P.L. The pyroxene, mauve coloured Ti- salite is partially mantled 
by brown ferro edenitic hornblende. 



JPART THREE 

GEOCJHIEMJI§TRY AND EVOJLUTJION 



Chapielr 8 

GeocheJtnisiJry andl Mhll.eJraJI.isatiorn. 

8.1 Geochemical Features 

8.1.1 Introduction 

170 samples1 from different units of the Motzfeldt Centre were analysed by X-ray 

fluorescence2 for 10 major elem.ents (Si, AI, Fe, Mg, Ca, Na, K, Ti, Mn, P) and 13 minor 

elements (Ba, Nb, Zr, Y, Sr, Rb, Zn, Ph, U, Th, Ga, La, Ce). The results of these 

investigations are listed in Formation/ Member order in Table A3.2, Appendix Three. 

Additionally, Table A3.2 gives each sample its CIPW norm values; lithological code (see 

Table A2.6); Colour Index (CI); Fractionation Index (FI); Differentiation Index (DI); 

Na/(Na+K); Peralkalinity Index (PI)- (Na+K)/ AI; and the Fe203 /FeO ratio as used in 

the norm calculation3 

Rare-earth element (REE) (La, Ce, Nd, Sm, Eu, Tb, Yb, Lu, Ta) analyses of 68 

rock and mineral specimens are presented in Table A3.3, Appendix Three. These were 

produced by INAA 4 at the University of Berlin by Dr P. Moller and kindly made available 

to the PYROCHLORE team. 

Like the rest of this thesis emphasis in this section is placed on the discrimitive value of 

the geochemical data, particularly where it provides evidence which clarifies ambiguous 

field observations. Due to the small sample sets used here and because trace element 

concentrations are not generally normally distributed (Hall, 1983), (see also Fig 8.1.17), 

non-parametric statistical methods are used throughout this work and include the Mann

Whitney U, Kruskal- Wallis H tests and Spearman Rank Correlation Coefficients (Ebdon, 

1985 ). Where any geochemical differences between the groups become statistically valid 

they are described here as 'significant' .. 

1 see Appendix Two for sampling details 
2 see Appendix Three for preparation and operating conditions 
3 derived from data supplied by L.M. Larsen (GGU) 
4 Instrumental Neutron Activation Analysis 
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Geochemical features of the 'fresh' rocks comprising the Centre are described here 

under the two lithological headings: Nepheline syenites and Syenites. The economically 

important geochemistry of the mineralised units has been investigated by members of the 

PYROCHLORE team to whom reference should be made (Tukiainen, 1986c; Morteani 

et. al. 1986). 

The following section introduces the general geochemical behaviour of the elements 

and their general distribution in the Motzfeldt units. Comparison is also made with some 

other members of the lgaliko Nepheline Syenite Complex (Emeleus & Harry, 1970). 

8.1.2 Geochemical range and overall characteristics 

Most Motzfeldt uruts show a range of major and minor element values similar to 

other lgaliko Complex Centres (Stephenson, 1971; Chambers, 1976). Motzfeldt differs 

however, in that localised extreme enrichment of incompatible elements has occurred 

both as a result of extreme fractionation (ie, lujavrites of SW Motzfeldt; Jones, 1980) 

and by wholesale infiltration of incompatible-rich metasomatic 'fluids' (ie, MSF-Altered 

syenite & MSF-Peralkaline Microsyenite Suite). The fresh rocks of Motzfeldt range from 

larvikite to lujavrite. This wide range of composition is reflected by the wide range of 

elemental concentrations shown on Table 8.1.1 ie, Ba decreases from 4,596 ppm to 0 

ppm with increasing fractionation while Zr increases from a minimum of 216 ppm to 

5,022 ppm. The Peralkalinity Index of the rock type, as previously mentioned (section 

3.3) is probably the ~best Index of fmctionation for the rock types of Motzfeldt and as 

such is used here to describe the general behaviour of the elements during this process.6 

Previous workers in the Igaliko Complex have used Fractionation Index (FI) (normative 

Or+ Ab + Ne + Ac + Q), to display elemental behaviour (Stephenson, 1973; Chambers, 

1976; Jones, 1980). However, whilst the FI does actually vary between approximately 50 

to 100 in Motzfeldt, over 85% of the fresh rocks analysed have FI's in the narrow range 

of 80 and 92. Tlus is a reflection of the small variation in major element geochemistry 

between the rock units. The trace element values on the other hand show a much wider 

6 when the PI range is narrow (ie, Nepheline Syenites) K/Rb is better 
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Moiz1eidt geochemica~ range 

Moh:V101Idt - Fr101ah roc!t~ (M::o113) AI t101rod rock a (Nc50) 

Min Molt Mean S.D. Min Malt Mean S.D. 
Majora (\'Jt%) 
SI02 51.10 63.30 57.159 2.69 43.96 69.81 58.16 4.70 
Al203 13.39 22.24 18.76 2.46 5.52 22.42 14.18 3.48 
Fe203T 2.59 12.07 6.53 2.10 0.61 27.37 10.26 5.59 
MgO 0.01 2.72 0.48 0.36 0.00 2.68 0.74 0.158 
CoO 0.35 5.65 1.58 0.78 0.21 8.28 1. 75 1.47 
Na20 4.38 11.02 7.24 1.35 2.53 9.70 6.10 1.62 
K20 3.61 6.94 5.53 0.65 0.02 7.47 4.30 1.67 
TI02 0.02 2.47 0.55 0.33 0.01 3.81 0.G2 0.70 
MnO 0.10 0.46 0.24 0.06 0.01 0.89 0.36 0.21 
P205 0.00 1.89 0.17 0.25 0.00 1.49 0.08 0.22 

Trace a (p.p.m) 
Ba 0 4596 547 G90 til 2588 302 496 
Nb 49 789 250 144 0 5503 974 1210 
Zr 216 5022 1046 811 42 22437 4203 4738 
y 28 223 87 44 33 1247 280 252 
Sr 15 1841 267 286 19 1390 148 230 
Rb 43 548 213 84 0 738 309 154 
Zn 67 1055 201 137 14 5434 556 831 
Pb 0 164 23 24 2 1367 145 265 
u 0 65 8 8 0 471 55 100 
Th 0 254 18 28 0 10975 277 1547 
Go 20 107 39 13 29 122 49 16 
La 43 636 184 138 6 4865 755 954 
C<a 73 1234 340 239 10 8330 1288 1629 

FI 58.35 97.40 86.20 5.35 51.00 96.10 81.97 8.55 
PI 0.71 1.30 0.99 0.12 0.62 2.29 1.09 0.28 
Zr/Nb 0.38 9.52 4.21 1.28 0.67 17.50 4.86 2.64 
K/Rb 37.10 378.40 124.62 55.40 21.20 186. 13 67.80 39.34 

The geochemical range shown by the fresh and altered intrusive rocks of Motzfeldt 

computed from the data derived by this study. The altered rocks were sampled at random and 

consequently extremely incompati 'ble-element enriched, ore-grade material is not represented by 

these figures (see Thkiainen, 1986c). 

The mean values do not reflect the 'bulk' rock of Motzfeldt because the percentage volume of 

each unit has not been used in the computation. 



range of concentrations and are consequently of much greater value in characterising 

and discriminating between the rock units (Table 8.1.1). Table 8.1.4 clearly shows the 

poor correlation between trace element concentrations and Fl. The Peralkalinity Index 

(PI) however displays strong, significant correlation with the trace element values. FI 

does show good correlation with many of the major elements but as indicated by Jones 

(1980) this is partly because they are inherent in the initial FI calculation. In Chapter 

3 the rocks of Motzfeldt were said to be characterised by their PI and on this basis 

divisible into the groups: hypQalkaline, alkaline and peralkaline. This grouping is well 

displayed by the geochemical data and although there is overlap between the elemental 

ranges the mean values given here (Table 8.1.2) give a good approximation of the overall 

geochemical properties. Figs 8.1.3a & 8.1.3b show the relative concentration levels of 

several elements from hypoalkaline and peralkaline rock types normalised against alkaline 

types.7 Table 8.1.2 gives more quantitative data on the geochemical variation between 

these groupings. These figures, used in conjunction with the Spearman Rank Correlation 

charts (Tables 8.1.4 & 8.1.5) and the sequence of element/PI plots (Figures 8.1.6 to 8.1.12) 

clearly display the range of values found in Motzfeldt and, with the PI plots and their 

captions, describe the general elemental behaviour during the evolution of the rock types. 

The linearity of the elemental changes has prompted some to stress the importance of 

fractional crystalisa.tion as a mechanism for the evolution of the Motzfeldt Centre and 

other lgaliko Centres (Stephenson, 1976b; Jones, 1980). Others however, stress that the 

consistency between the peralkaline rocks and large amounts of incompatible elements 

does not "vouchsafe to crystal fractionation" but is merely an association of that chemical 

condition (Nicholds & Carmichael, 1969). 

Interestingly, the indices of fractionation used for the fresh rocks of Motzfeldt (ie, PI 

or K/Rb) show very poor correlation with trace elements from the altered and mineralised 

units (Table 8.1.5). This is probably a. reflection of the highly localised areas of extreme 

incompatible element enrichment found within these rocks due to late-stage 'metaso

matic' processes (see section 8.2). The uneven distribution being caused by mechanisms 

such as selective leaching, complexing, migration and deposition. 

7 mean values from selected rock units are used 
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G) 
CD 

HYPOALKALINE (N--16) ALKALINE (N=-27) PERAU<ALINE (~19) 0 
(') 
=r 
CD 

Min Mall Mean STO Min Malt Mean STD %0i ff1 Min Molt Mean STD m>iH2 5IDIH3 3 
Ba 361 1250 894 279.32 47 966 419 296.05 -53.13 If) 1010 172 279.91 -58.95 

() 
-80.76 0) 

Sr 197 809 464 213.66 19 452 212 159.06 -54.31 15 493 85 142.43 -59.91 -81.68 
P205 .07 .90 .23 .20 .01 .51 .13 .10 -43.48 0 .34 .01 .01 -92.31 -95.65 

0 MgO .317 .96 .62 .19 . 11 .93 .43 .21 -30.65 .01 . 71 .25 .17 -41.86 -59.68 
CoO .91 2.58 1.83 .45 .68 2.14 1.41 .41 -22.95 .50 2.32 1.28 .42 -9.22 -30.05 =r 
TI02 .24 .79 .58 . 14 .17 1.07 .52 .21 -10.34 .02 .68 .51 .17 -1.92 -12.07 m 
Na20 5.71 7.51 6.61 .56 5.76 9.58 7.85 1.17 +18.76 6.41 11.02 7.64 1.45 -2.68 ~15.58 :::1 
1<20 5.31 6.94 6.02 .44 4.48 6.69 5.61 .54 -6.81 3.61 5.10 4.77 .42 -~4.97 -20.76 (Q 
MnO .13 .29 .18 .04 .14 .33 .23 .05 +27.78 .17 .37 .28 .05 ~21.74 ~55.56 ro 
Rb 86 228 141 40.90 136 433 212 56.59 +50.35 171 486 257 73.91 ~21 .23 +82.27 UJ Fe203 4.18 6.61 4.87 .63 3.67 9.98 6.17 1.84 +26.69 6.55 12.01 8.74 1.33 +41.65 H9.47 
Nb 51 251 142 62.90 79 537 238 94.75 +67.61 218 675 388 129.91 +63.03 ~173.24 0" y 28 74 48 14.27 39 163 84 32.27 +75.00 74 223 139 44.02 ~65.48 +189.58 (j) 
Zr 224 1055 591 240.66 305 1824 976 400.24 +65.14 216 4655 1674 923.29 +71.52 ~183.25 <=> 
Zn 67 174 109 30.91 93 288 174 57.71 +59.63 110 675 324 126.61 +86.21 +197.25 :€ Co 73 269 151 54.80 109 586 295 148.79 +95.36 176 1234 651 257.48 ~120.68 ~331.13 CD La 43 134 78 26.83 53 376 158 89.57 +102.56 85 636 362 152.59 +129.11 +364.10 
Pb 6 13 9 2.07 0 42 18 11.17 +100.00 9 164 49 35.70 ~172.22 +444.44 ro 
u 1 8 5 2.51 0 11 6 2.23 +20.00 . 4 36 19 7.24 ~216.67 +280.00 :::1 
Th 0 11 6 3.27 0 46 13 10.81 +116.67 0 96 35 25.01 +169.23 +483.33 m 

A" 

Zr/Nb 2.27 4.83 4.00 0.66 2.07 9.52 4.23 1.40 +5.75 0.38 8.59 4.28 1. 72 ~1.18 
m 

~7.00 

B%Sr 1.03 8.42 2.71 1.86 0.53 6.58 2.46 1.36 -9.23 0.00 6.81 2.25 1.82 -8.54 -16.97 :::1 
I( b 99.91 314.97 182.76 65.28 48.64 171.83 116.56 29.04 -36.22 43.56 ~15.30 79.02 22.81 -32.21 -56.76 CD 

¢.0 
-1 
0 

%Diff1 "' ~change from mean hypoalkaline value to mean alkaline valua c 
%Diff2 "' ~change from mean alkol lne value to mean peralkalino value "0 
%0iff3 ., ~change from mean hypoalkaline value to mean peralkaline value en 

Table to show the geochemical range and mean for the three-way classification pro- ~ 
posed in this work; Hypoalkaline (PI > 0.85 < 0.96), Alkaline (PI > 0.9_5 < 1.12) and Peralkaline o=' 
(PI > 1.11). The percentage increases and decreases of the elements between the groups are 
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indicated. ~ 
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SR .8656° 0 
P205 .6918° 0 .564700 
MGO .64660° .6102°0 .697900 
CAO .381400 .329800 .440600 .54600o 
K20 .4976° 0 .470700 .358500 .4358° 0 .1232 
Tt02 .2095 .0667 .4282oo .2728° .549300 -. 1896 
NA20 -.1963 -.0957 -.1740 -.0572 -.38570° .0191 -.574100 
MNO -.4263° 0 -.353100 -.2666° -.2231° -.1353 -.617300 .2168 .0544 G) 
FE203T -.5040° 0 -.4589°0 -.2974°0 -.3020°0 .1159 -.7826° 0 .3884°0 -.2071 .6950°0 (i) 
RB -.597300 -.531700 -.535700 -.427900 -.383800 -.3190°0 -.3416°0 .370400 .370800 .326800 

0 ZR -.465200 -.356000 -.463800 -.427700 -.441000 -.4133° 0 -.26660 .3552"'0 .425700 .3392"'0 
NB -.5628"'"' -.4637oo -.4545° 0 -.452200 -.4138°'" -.5509'"'" -.1528 .3517°'" .5843"''" . 485700 0 
LA -.6737° 0 0-.6325°0 -.4058"'" -.532800 -.33800o -.6119°0 -.0429 .1240 .596500 .5439"'"' =::t' 
CE -.6766"'" -.6433"'" -.4178'"" -.5220"'" -.3229°0 -.61800" -.0330 .1425 .6042° 0 .5413""' CD 
PB -.544900 -.537500 -.3638° 0 -.4621° 0 -.2743° -.4664"'0 .0720 .0233 .5014°" .454500 3 u -.1372 -.1068 -.1131 -.1800 -.2144 -.4335° 0 .0863 .1176 .3332° 0 .2378° 
TH -.4343"'" -. 4346""" -.3064"0 -.387600 -.2308° -.3300° 0 .0042 .1186 .3903° 0 .28220 0 ZN -.5938° 0 -.5615" 0 -.4035° 0 -.4302° 0 -.3032° 0 -.6796"'" .0884 .0837 .8057°" .663400 
GA -.7151"'" -.5638° 0 -.676500 -.6016"' 0 -.5073°0 -. 5399"'0 -.3271°0 .3602° 0 .5066° 0 .5231°" OJ 
Fl -.1558 -.1899 -.2022 -.23230 -.6151° 0 .1360 -. 5964""" .7487°0 -.0904 -.3947° 0 
PI -.4894"'• -.5746"" -.3159°0 -.3700° 0 -.2368° -.4063° 0 -.0503 .4555° 0 .4249° 0 .33770° 0 
KRB .6974"" .641200 .5744°0 .5174° 0 .3732° 0 .5455"'" .2189° -.2988° 0 -.5214°0 -.50510° 0 

BA SR P205 MGO CAD K20 Tl02 NA20 MNO FE203T 
9 -. 
(j) 

OJ 
ZR .6581° 0 .....c-
NB .7088° 0 .840600 0 LA .611400 .620600 .764300 :::J CE .6257° 0 .6051°0 .7690°0 .9876° 0 
PB .5531°" .625500 .7081° 0 .7783° 0 .7636° 0 
u .370300 .551400 .5812"0 .481500 .4809° 0 .5645"'"' 
TH .5325° 0 .5381° 0 . 6232""" .71270° .6953° 0 .822600 .55390° --:. 
ZN .6000° 0 .650500 .764600 .8159° 0 .809400 .7859° 0 .5795°0 .65410° """"! 

GA . 7852""" .699100 .75010° .62660° .6222° 0 .5692"'"' .328100 .454500 .6931°0 (i) 
FI .26020 .28620 .1944 .1220 .1254 .0973 .1688 .1981 .0439 .2063 (./) 

PI .5034"0 .4896° 0 .556300 .5814° 0 .6006° 0 .5311° 0 .4190° 0 .5655° 0 .5589° 0 .473400 ::J" 
KRB -.9526° 0 -.700800 -.788300 -.7438°0 -.7581° 0 -.653900 -.448100 -.587900 -.750200 -.837200 

"""'! 

RB ZR NB LA CE PB u TH ZN GA 0 
0 
A 
(./) 

PI .5428° 0 
KRB -.1976 -.5899° 0 

FI PI 

0 - SIGNIF. LE .01 oo - SIGNIF. LE .001 " " IS PRINTED IF A COEFFICIENT CANNOT BE COMPUTED. ~ 
o=' 

Spearman Rank - Correlation ceomcoen~s (N = ~ "i 2) 
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SR .3517"' 
P205 .4159"' .3960° 
MGO .2205 .36480 .4677"'"' 
CAO .1360 .3488° .5094°0 .5088"" 
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Table 8.1.13lists selected geochemical data from Motzfeldt and a number of nepheline 

syenite units from other Igaliko Centres as well as data from the well known alkaline intru-

sions of llimaussaq, Lovozero and Khibina. Very clear geochemical similarities between 

the Igaliko Centres are diagramatically displayed on the rock/chondrite spidergrams (Fig

ures 8.1.14 & 8.1.15; after Thompson, 1982; Thompson et. al. 1983). These plots are 

designed to give a smooth spidergram for average MORB chemical concentrations (Sun, 

1980). The elements are ordered from left to right to show generally increasing compat

ibility (Ba to Yb) when melting a lherzolite source (Sun, op. cit). The plots Fig 8.1.14a 

to 8.1.15b all show marked troughs8 for the elements Ba, Sr, P and Ti, and lesser deple

tion for Th and K. These relative depletions indicate the importance of feldspar, apatite 

and Fe-Ti oxide I mafic-mineral fractionation during the evolution of these rock types. 

The patterns for the rocks of the Motzfeldt S~ Formation and Flinks Dal Formation are 

extremely similar to those of S and N Qoroq. Both absolute abundances and the ratios 

of the elements are similar (except higher La and Rb in the FDF). The Geologfjeld For

mation rock however contains lower absolute values across the whole range of elements 

(for additional comments see next section). The peralkaline samples (Fig 8.1.15a) show 

extreme enrichment in the incompatible elements La, Ce, Zr, Y, Nb and greater depletion 

of the previously mentioned residual elements. ,, 

Plot 8.1.15b shows similarly the mean values of the groups hypoalkaline, alkaline and 

per alkaline in Motzfeldt (fresh rocks )9 • There is a remarkable consistency of behaviour, 

with the progressive depletion of Ba, Sr, P, Ti continuing as predicted from extended 

feldspar, apatite and oxide I mafic-mineral fractionation while concomitantly the incom

patible elements increase. All the peralkaline rocks,10 however, show a marked relative 

depletion of K and slight depletion of Rb. This presumably indicates the increasing im

portance of fractionating K rich alkali-feldspar. Thus driving the residuum melt toward 

Na oversaturated peralkaline compositions. The preferential partitioning of K into alkali-

feldspar (or other phases) relative to the liquid in peralkaline magma has been called the 

8 relative to neigbciuring elements 
9 data from Table 8.1.2 

10 ie, Motzfeldt, Lovozero and llimaussaq 
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ijncompa'tible element comparisons Table ~~L1.13 

Element Motzfeldt s Qoroq N Qoroq Khibina II fMaussaq Lovozero 
ppm 

Sa 
Rb 
Th 

K 
Nb 
To 
La 
Ce 
Sr 
Nd 

p 
Sm 
Zr 
Hf 
Ti 
Tb 

y 
Tm 
Yb 

334 434 514 SS2 SS3 SN1b 
58352 54132 304024 58231 52297 155135 (Average nephe I i ne syenites) 

87 899 966 191 136 844 1190 90 700 
156 188 452 233 279 234 215 590 230 

2 11 7 13 15 12 14 38 35 
49828 53233 48831 48915 50327 51240 54000 33500 48640 

79 176 213 228 443 262 152 525 696 
4.71 14.2 11 . 3 -1 -1 -1 14 32 60 

54 82 124 97 77 93 -1 850 481 
116 151 266 -1 -1 -1 -1 1395 860 

35 328 452 138 237 208 1070 47 610 
56 52 93 -1 -1 -1 -1 495 298 

305 698 916 610 524 524 1250 214 880 
8.5 10.8 17 -1 -1 -1 -1 95 45 
305 794 795 954 1297 947 625 4735 3480 
-1 -1 -1 -1 -1 -1 -1 -1 -1 

1618 3177 3357 3057 3357 4017 6300 2070 6700 
1. 04 1. 25 1.89 -1 -1 -1 -1 15 

39 58 66 50 37 57 -1 390 
-1 -1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 -1 

Table 8.1.13 Comparison table of nepheline syeriites from the lgaliko Complex (data from: 

this work; Stephenson, 1973; Chambers, 1976), Lovozero, Khibina and Ilimaussaq (data from 

Gerasimovsky, 1974). -1 indicates element not analysed. 

Figs 8.1.14 and 8.1.15 (following) 

Diagramatic representations of the above data (incompatible element spidergrams: after 

Thompson et al, 1983; modified from Sun, 1980) normalised against chondrite values (except 

Rb, K, P; data from Thompson op. cit.) 
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'orthoclase' effect by Bailey and Schairer (1964). The felsic minerals constitute over 80% 

of the rocks of Motzfeldt and, as stressed by MacDonald (1974), it is of little surprise 

that their crystallisatiOn has such a strong influence upon the nature of the residual 

liquid. The surprisingly large trough shown by Th in Motzfeldt and to a lesser extent 

by the other Centres is probably due to Th incorporation in cumulate sphene/apatite 

and possibly Fe-Ti oxides. However, this small Th trough is not unusual in oceanic or 

continental alkali basaltic magmas (Norry & Fitton, 1983) and may therefore, be an 'in

herited' effect. A third explan~tion could be analytical error because of the low values 

involved. 

8.1.3 The Nepheline syenites 

i. Introduction 

Approximately 50 to 60 % of the surface outcrop of the Motzfeldt centre comprises 

rock units of nepheline syenite lithology. Much of the remaining area being comprised 

of the saturated syenites of the MSF-Altered syenite and Si - saturated rocks of the Hy

pabyssal Series. On the basis of the percentage surface area of the individual nepheline 

syenite units and their respective geochemical data the following 'typical' nepheline syen

ite was calculated (Table 8.1.16a & b) hereafter referred to as the Motzfeldt-Nepheline 

syenite. 

Table 8.1.16a shows that the Motzfeldt-Nepheline syenite is of classical phonolite 

composition with Si02 of 55%, Ah03 of 20% and Na20 + K20 of 13.85%. Indeed the 

rock plots virtually in the Centre of the phonolite field in the (Na20+K20)/Si02 plot 

of Cox et. al. (1979). This scheme was used in preference to the TAS classification of 

LeBas et. al., (1986) in order to remain compatible with previous workers in the Gardar 

(eg, Upton, 1974; Upton & Fitton, 1985; Upton & Emeleus, 1987). 

When compared to the world-wide average nepheline syenite of Le Maitre (1976a), 

the Motzfeldt-Nepheline syenite major element concentrations are essentially similar but 

with slightly less MgO, CaO, Ti02 and correspondingly more :EFe203 and MnO. The 
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The Motz1eldt-Nepheijine Syenite Table §.]..].6 

a. 'Typical' geochemical characteristics of a nepheli;1e syenite from Motzfeldt. The figures are 

derived from the mean values of each nepheline syenite unit with their percentage volume within 

Motzfeldt taken into considersation. The figures are a working approximation of the 'bulk' 

nepheline syenite of Motzfeldt and at least can be used for comparative purposes. 

b. The rare-earth data are similarly treated but from a much smaller datacset (Berlin). 

taJ. 

Motz1Gidt-Nophollno ayonito 

Major Gloments (fit%) 
Si02 55.67 
Al203 20.00 
Fo203T 5.35 
MgO 0.54 
CoO 1.38 
Na20 B.00 
K20 5.85 
Ti02 0.48 
MnO 0.23 
P205 0.17 

Total 97.67 

Traco Gloments (ppm) 
Ba 550 
Nb 206 
Zr 
v 
Sr 
Rb 
Zn 
Pb 
u 
Th 
Ga 
La 
Co 

C.I.P.W norms 
Orthoclase 
Albite 
Anorthi ta 
Nephe II ne 
Oiopside 
01 i vIne 
Magnetite 
limonite 
Apat I to 

Colour lndoll 
Fl 
PI 
Fo203/Fe0 
Zr/Nb 
Rb/Sr 
K/Rb 

860 
70 

:!109 
194 
151 

12 
5 
9 

33 
108 
214 

35.5 
33.3 

1.'4 
19.6 
3.8 
1.3 
3.8 
0.9 
0.4 

10.18 
88.40 

0.98 
1.00 
4.18 
0.63 

123 

~. 
Raro Earth Elements 

(ppm) 
La 91.45 
Co 192.00 
Nd 70.20 
Sm 12.40 
Eu 2.35 
Tb 1.44 
Vb :!1.50 
Lu 0.53 
Ta 11.B 

~·--------------------
Total trace olomont contents 

Nepheline syonltos 

GF-Nephollno syenite 
MSF-Nephelino syenite 
FOF-Porph. Noph. Sy. 
FOF-Foya I to (T) 
FDF-Foyalto (C) 
FDF-Nephel ine syenite 

Syenites 

GF-Geologfjeld syenite 
GF-Pulaskite 
Lam. alkali syenite 
Lam. porph. syenito 
Polk. Arf. syenite 
Larvlklte 
Lujavrite 

Mineralised units 

(p.p.m) 
(moans) 

1399 
2916 
3098 
2857 
2297 
2668 

2275 
2853 
2887 
3628 
4220 
6325 
5913 

MSF-Marglnal syenite 5321 
MSF-AitorGd oyGnlte 6953 
MSF-Per. mlcrosyenltes 18361 

c. Table of the mean 2:)race-element (13 analysed) values from the different intrusive units of 

Motzfeldt. 



Peralkalinity Index of 0.98 gives the rock an intermediate or alkaline11 character. Figure 

8.1.17 shows the range of trace element values (this study) contained within the nepheline 

syenites (all units) of Motzfeldt. The solid line superimposed on this range represents 

the elemental concentrations of the Motzfeldt-Nepheline syenite. These 'typical' values 

clearly show how the overall range of each element (except Rb) has a positively skewed 

distribution and therefore the necessity to use non-parametric statistical methods in 

accordance with-Hall (1983), Dr D. Hirst (pers. comm.). 

The units of nepheline syenite lithology encountered in Motzfeldt include; 

GF-Nepheline syenite (NM2) 

MSF-Nepheline syenite (SM1) 

PDF-Porphyritic nepheline syenite (SM2 & SM4) 

FDF-Foyaite (transgressive type) (SM3) 

FDF-Foyaite (central type) (SM4) 

PDF-Nepheline syenite (SM5) 

In this study the criteria used to distinguish between these units have included; 

1/ Field relationships 

2/ Colour and texture 

3/ Mineralogy 

4/ Geochemistry 

Often a combination of the above is necessary for confident classification. Indeed, the 

geochemistry is probably ofleast value in this respect because of the narrow compositional 

range and often well developed cumulate tendencies. Geochemical data from the different 

units are listed in Table A3.2, Appendix Three and displayed on the PI plots Figures 8.1.6 

to 8.1.12. and therefore are not described in detail here. However, significant differences 

do occur between some units and these are outlined below. 

11 this work, see section 3.3 
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ii. Geochemical variation between the Formations ( GF vs MSF vs FDF ) 

The most striking dissimilarity between the nepheline syenite units is the difference in 

the trace element values of the GF-Nepheline syenite and the nepheline syenite members 

of the Motzfeldt Ring Series (MSF and FDF). Table 8.1.16c shows how the GF-Nepheline 

syenite (mean of 4)12 values are roughly half those of the other nepheline syenite units. 

This difference is 'across the board',13 where both compatible and incompatible elements 

are significantly lower, as shown by Fig 8.1.17. The major element values on the other 

hand are similar between the formations. These low trace element values suggest a com

pletely sep(!fate evolution from the Ring Series of Motzfeldt and confirm the 'satellitic' 

nature of the Geologfjeld Formation. 

Within the Motzfeldt Ring Series itself, the rock units which show strong cumulate 

textures show a greater 'spread' of major and minor element concentrations than those 

of subhedral-equigranular or 'granitic' texture. For instance, the members of the latter 

group which include the GF-Nepheline syenite, MSF-Nepheline syenite, FDF-Nepheline 

syenite and FDF-Porphyritic nepheline syenite (included here despite textural variations) 

show no significant differences in any of their major element concentrations. Therefore 

from such data alone, it would be difficult to discriminate between these units. 

The FDF-Foyaites in contrast have undergone demonstrable in situ mineral accumu-

lation, layering and fractionation. This is reflected in the sample range of this work (from 

high up in the cumulate pile) by generally lower MgO, CaO, P 20 5 , Ba and Sr values. 

However, a large range of values is shown and because much depends on the vertical 

position of the sample-site both on a large and small scale, the discriminatory value of 

the data is of little value. 

Pie Diagrams (Fig 8.1.18) display the mean relative abundances of the elements Zr, 

Nb, Ba, Sr, Rb (and ,the mean ppm values) of the various nepheline syenite lithologies of 
I 

Motzfeldt. It is clear from these diagrams that in the rocks which have not undergone 

12 unfortunately small sample population 
13 only Rb is not significantly lower 
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Nephe~ine syeniie ~ Pie diagrams 

Mean values from the six nepheline syenite units of Motzfeldt of Zr, Nb, Ba. Sr and. Rb plotted 
as Pie-diagrams to show their relative abundances. 
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C. FDF-Porphyritic neph. syenite d. FDF-Nepheline syenite 
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in situ cumulate fractionation, the ratios of the antithetic elements ie, (Zr + Nb) / (Ba 

+ Sr) remain largely similar. Therefore fractionation of these rock types at this level 

has probably not played an important role. It must be stressed however, that most of 

the samples analysed in this work have been taken from high levels in the Centre and 

therefore little is known of lithological and geochemical variation with depth. 

Of the trace elements compared between the Motzfeldt 8121 Formation and Flinks Dal 

Formations (not including the FDF-Foyaites) only La, Ce and Zn showed significant 

differences. The La and Ce concentrations of the FDF-Porphyritic nepheline syenite are 

consistently higher by about one third than those of the neighbouring MSF-Nepheline 

syenite of SE Motzfeldt (Fig 8.1.19b ). Whilst this is possibly valid for discrimination 

purposes in SE Motzfeldt, the MSF-Nepheline syenite shows a wider distribution of La 

values elsewhere in the Centre. For instance, the samples of MSF-Nepheline syenite 

from xenolithic rafts within the FDF-Porphyritic nepheline syenite near Camp 12 (eg. 

326059 and 326049) and Camp 14 (326121 and 326124) have unusually high La and 

Ce contents. This may be due to contamination from the younger rock or merely a 

reflection of greater fractionation. For example, pegmatitic segregations from the MSF

N epheline syenite show large increases in La and Ce content. However, these are normally 

accompanied by the concomitant increase in other incompatible elements such as Zr and 

Nb (eg, 304019). T~e FDF-Foyaites have significantly lower Ba and Sr concentrations 

than the other nepheline syenite members of the lling Series (Fig 8.1.18). This gives 

a good indication of the importance of feldspar fractionation prior to or during their 

formation. In addition, the transgressive FDF-Foyaite contains significantly higher levels 

of Ba and Sr than the central type. When plotted against the fractionation index K/Rb 

these levels appear to reflect their relative stages of evolution (Fig 8.1.19a). 
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Nepheline syenite - discrimination p~ots :!Fig §.1.19 

Ba/Rb vs K/Rb foyaltes 

u 

I>.S 

I>.U 

&5 lFD F -lFoya.ite 

5.0 
~ 

~ 
Ba/Rb 2.5 ~ 

& 
2.0 ~· 181 '; 181 
I.S 

1.0 

a.s 

@1. 

K/Rb 
Plot to show differences in Ba between the FDF-Foyaite (transgressive) and FDF-Foyaite 

(central) and its behaviour during fractionation. 

Zr/La vs Zr for neph syenites MSF v FOF 

15 

14 

13 

12 

II 

Zr/ La v 
10 

0 

8 

6 

ro. 
500 600 900 1000 1100 1200 1300 ~~ 1500 

Zr 

Plot showing the consistently higher Zr/La ratio in the MSF-Nepheline syenite compared to 

the FDF-Porphyritic nepheline syenite (SE Motzfeldt). 



8.1.4 The Syenites (sensu stricto) 

i. Introduction 

A remarkable variety of syenites (sensu stricto) are found in Motzfeldt and include:14 

GF-Geologfjeld Syenite, GF-Pulaskite15 and the units belonging to the Hypabyssal Se

ries; Laminated alkali syenite, Laminated porphyritic syenite and the Poikilitic arfved-

sonite microsyenite. 

A broad range of elemental' concentrations is shown by these lithologies which range 

from hypoalkaline to peralkaline in character (Table 8.1.1; Table 8.1.2 & Fig 8.1.3). 

Consequently, discrimination between the units is generally clear both petrographically 

and geochemically. The geochemical data for the various units are listed in Table A3.2, 

Appendix Three and displayed on Figures 8.1.6 to 8.1.12. In this section the data are 

discussed with particular reference to their discriminative value. The alkaline and peral

ka.line syenites in Motzfeldt show tendencies toward silica-oversaturation (Fig 3.3.4 ). This 

trend can often be shown to be due to incorporation of siliceous country rock. Signifi-

cantly, the slightly oversaturated rocks show typically higher incompatible element values 

than the undersaturated equivalents of the same PI (Figs 8.1.6 to 8.1.12) which has led 

some workers to conclude that significant levels of incompatible elements (and mineral

ising fluids) have been incorporated from the country rock (Morteani et. al. 1986). The 

detailed geochemistry of the MSF-Altered syenite, which has been profoundly altered 

due to interaction with the country rock is not discussed in this study. However, some 

aspects of its possible origin are summarised in section 8.2 of this work. 

ii. GF-Geologfjeld syenite vs. GF-Pulaskite 

It is the contention of this work that these units are either different facies of the same 

unit, or closely related separate intrusions. Both are hypoalkaline and typically charac-

terised by high Ba, Sr and relatively low Zr, Nb, Rb (see Fig 8.1.20a; PI plots). The 

14 not included are feldspathoid poor varieties of the main units 
15 included here because of its similarity to GF-Geologfjeld syenite 
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higher levels of AhOJ and Na2 0 in the GF-Pulaskite compared to the GF-Geologfjeld 

syenite (Fig 8.1.20a) are reflected by modal nepheline and/or analcite ( c.5% ). Addi

tionally, the GF-Geologfjeld syenite is the only unit in Motzfeldt to have Na/K ratios 

consistently less than 1. Fig 8.1.20a shows their respective major and trace-element con

centrations normalised against those of the Laminated alkali syenite. Marked similarities 

are clearly exhibited by these patterns and indicate the greater abundance of the . 

elements MgO, CaO, Ba, Sr and PzOs and considerably lower values ofthe incompatible 

elements in these hypoalkaline rocks. 

Petrographically, the GF-Pulaskite contains a higher modal proportion of intercumu

lus low temperature minerals than the GF-Geologfjeld syenite and this is reflected by the 

slightly increased levels of incompatible elements. Although the PI and FI values show 

similar narrow ranges for both rocks, (around 0.92 and 84.5 respectively) the K/Rb ratio 

decreases significantly in the GF-Pulaskite and is accompanied by a concomitant rise in 

Zr, Nb, La and Ce (ie, Fig 8.1.21a). This steady rise of incompatible elements levels off 

and does not significantly change in the next more evolved stage of the Formation, the 

GF-Nepheline syenit~. Furthermore this rise in incompatible elements is not accompa

nied by a corresponding steady decrease in Ba, Sr, Ba/Rb. However the next intrusive 

unit of GF-Nepheline syenite shows a dramatic depletion of these elements while hav

ing insignificant increases in incompatible elements (Fig 8.1.21b ). It is concluded that 

the GF -Nepheline syenite is related through feldspar-dominated fractional crystallisation 

(MacDonald, 1974), to the GF-Gelogfjeld syenite and GF-Pulaskite units. This example 

provides evidence to support the importance of feldspar fractionation in the development 

of phonolite magmas from (augite- )trachyte compositions. 

iii. Laminated porphyritic syenite vs. Poikilitic arfvedsonite microsyenite 

These units are separate (possibly multiple) intrusions, intimately associated in SE 

Motzfeldt (see Chap~er 7). They are easily distinguished in hand specimen but probably 

emanate from the same magma source, separated only by time. The hyalocrystalline mi

crosyenite has clearly cooled considerably more quickly than the Laminated porphyritic 

syenite, but geochemically the rocks are very similar, (Fig 8.1.20b ). The generally lower 
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K/Rb and higher PI values of the Poikilitic arfvedsonite rnicrosyenite indicate a higher 

degree of fractionation which is reflected in the slightly increased values of the incompat

ible trace elements and decreased compatible elements, (eg, Mg, Ca, Ba) (Fig 8.1.20b). 

iv. Laminated alkali syenite vs. Laminated porphyritic syenite 

As noted in the field observations these units occur intricately associated, and al-

though the Laminated porphyritic syenite clearly intrudes the Laminated alkali syenite, 

coarse feldspathic varietie:~oth can look very much alike. Both are dominated texturally 

by laminated bladed feldspars, plot in the same general compositional field of trachyte on 

the (Na20 + K20)/Si02 diagram (Fig 3.3.2d) and have generally similar ranges of major 

element concentrations (Fig 8.1.20b ). Mg and Ca, however are significantly higher in the 

older, laminated alkali syenite with levels of around 0.4 and 2%, whereas those of the 

younger unit are around 0.23 and 1.3% respectively. The Laminated porphyritic syenite 

and Poikilitic arfvedsonite rnicrosyenite are more fractionated than the Laminated alkali 

syenite. They are both generally peralkaline and have consequently greater contents of 

incompatible elements (Gerasimovsky, 1966; Hamilton, 1964; Siedner, 1965; Fergusen, 

1969; Taylor et. al., 1981). Furthermore, they show a striking depletion of the elements 

Ba and Sr compared to the Laminated alkali syenite (Fig 8.1.20b & Fig 8.1.21a). 

The Laminated porphyritic syenite often shows very well-developed flow differenti-

ation (see Chapter 7) with the phenocrysts of feldspar congregating along the central 

axes of dyke-like bodies. The geochemical results however, show very little change in the 

whole-rock values of Ba or Sr16 between the aphyric margins and the feldspar rich core. 

( eg, 304093 cf. 304032 respectively). In contrast, fine grained varieties of the Laminated 

alkali syenite show significant Ba and Sr depletion eg, 304085, which has a Ba content of 

102 ppm, approximately one third of the mean value for the unit. Fig 8.1.22~ shows how 

the plot Ba/Rb v Pb/Sr usefully discriminates between the units, but does not rule out 

a generic link through feldspar fractionation. Fig 8.1.22Q., on the other hand displays a 

significant and an unusual (for Motzfeldt) variance in the Zr/Nb ratio between the units. 

16 these values are already low 

95 



Hypabyssal Series ~ discrimina~ion p~o~s Fig §. 1.22 

IGllll )::( 

16011 

·~ 
11:011 ·~ 

~ 
~ 

121)0 0~ 
Zr Q 

IDOQ 

() 
00..([) 

lb' 
·S' 

coo ,f 
·'V 

C!IIO 

1>00 

(d), 
200 

100 150 200 2;0 !00 li30 600 450 SilO m 600 

, Nb 

a. Plot showing the differences in the Zr/Nb. ratios between the units Laminated porphyritic 

syenite and Laminated alkali syenite. 

5.0 

2.0 

2.6 

Laminated alkali syeni~e 
2.4 

:1.2 

2.0 

I.D 

1.6 

BafRb 1.4 

1.2 

1.0 

O.Q 

0.6 

0.4 

0.2 

lb>o 

PbfSr 

b. Plot discriminating between the units Laminated porphyritic syenite (with Poikilitic arfved

sonite microsyenite) and laminated alkali syenite using Ba/Rb vs Pb/Sr. 



The Zr/Nb ratio in most rock types of trachytic or phonolitic composition in Motzfeldt is 

usually around 4.00 (altered rocks excluded). The Laminated alkali syenite unit however, 

has a significantly lower ratio, usually of just under 3.00 (Fig 8.1.22r.a.). Strangely, the 

most conspicuous accessory mineral in the Laminated alkali syenite is zircon. However, 

Nb does not readily substitute Zr in zircon, usually comprising less than 2% (Vlasov, 

1966; Wedephol, 1978). Pyrochlore is occasionally evident in these rocks however, and is 

possibly more abundant than observed (see petrographic details Chapter 7). 

v. Laminated porphyritic syenite v MSF-Marginal syenite 
' 

Discrimination between these two units in the field, particularly in SE Motzfeldt 

has proved very difficult. They are texturally very similar, per alkaline and trachytic in 

composition, comprising essentially brick-shaped alkali feldspars and arfvedsonite with 

aenigmatite a common accessory. In NE Motzfeldt the units are geographically separate, 

and therefore discrimination is not a problem. Even if it were, the distinct and consis

tent colour contrast between the units would be sufficient for easy classification. In SE 

Motzfeldt however, the usual steel grey colour of the Laminated porphyritic syenite is 

lost in large areas due to pervasive red staining which so characterises the altered rocks of 
' 

the Motzfeldt S0 Formation. This discolouration, coupled with interspersing of the units 

in this area, has pr~vented satisfactory discrimination in the field. Unfortunately, the 

sample range for MSF-Marginal syenite of tlus work is too small for accurate statistical 

comparison, nevertheless, it is clear that significant geochemical differences do exist and 

it should be relatively easy to discriminate between the units. Despite having a mean PI 

of 1.36, MgO and CaO levels are significantly higher in the MSF-Marginal syenite (even 

when colour Index is taken into consideration). Na20, K20, P205 , Ti02 and MnO are 

similar in both units. The most significant differences occur however in the concentra-

tions of Ba and Sr. The highest Sr value in the Laminated porphyritic syenite is 72 ppm 

but most samples contain around the mean value of 40 ppm. Ba similarly is characteris-

tically low, usually between 50 and 80 ppm and rarely up to 130 ppm (Fig 8.1.23a). This 

contrasts strongly with the Ba and Sr concentrations of the MSF-Marginal syenite. The 

latter shows a Ba range from 331 to 1933 and a Sr range from 331 to 1390. Where the 
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MSF-Marginal syenite shows extreme fractionation as in the pegmatitic apophyses near 

Camp 10 (eg, 304711), the Ba and Sr levels are however similar to those ofthe Laminated 

porphyritic syenite. This fractionated facies however, is characterised by increases in the 

Zr, Nb, La and Ce levels (of 11,778, 1,532, 1,277 & 2,360 ppm respectively) well beyond 

those measured in the Laminated porphyritic syenite (Fig 8.1.23a). 

One of the most distinctive features of the Laminated porphyritic syenite and the 

Poikilitic arfvedsonite microsyenite is the unusually high Ca/Ba ratio compared to all 

the other (fresh) units of Motzfeldt (Fig 8.1.23b ). 

Sr and to a lesser extent Ba are admitted as isomorphous substitutes for 

Ca. due to their similar ionic radii and charge. However both elements are preferentially 

incorporated into the 8-fold coordination sites of feldspars compared to other Ca.- phases 

(particularly the 6 fold sites of pyroxene and amphibole) (Taylor, 1965). Therefore the 

Ca/Ba ratio increases as the ratio of the fractionating phases (feldspar( +apatite) / Ca.

mafic minerals) increases. Moreover, Ba and Sr are captured readily in place of K at the 

onset of anorthoclase crystallisation (and subsequently fractionated). In Gardar this has 

been shown to be particularly important in rocks of benmoreite composition (Pearce, 

1988). Feldspar-dominated fractionation (at least just prior to intrusion) in the Lami

nated porphyritic syenite is upheld by the field evidence where ubiquitous anorthoclase 

megacrysts (commonly 5 em, but up to 20 em in length) and rare anorthite xenoliths, 

are contained within the rock (Plate 7 .2b ). 

The MSF-Marginal syenite characteristically displays a strange combination of high

levels of elements ie, Ba, Sr Mg and Ca. in combination with enrichment of in

compatible elements and alkalis. This confirms the field evidence, that the unit developed 

as a congelation cumulate of high temperature phases which has been metasoma.tically 

overprinted by secondary (auto?)metasoma.tic processes. 
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8.1.5 Rare-earth elements 

The paper of Jones and Larsen (1985) gives a good account of the REE concentra

tions, behaviour and mineralogy in Motzfeldt. Here additional data provided by the 

PYROCHLORE team (Berlin-Munich group) are presented and their significance re-

viewed. 

REE whole rock and selected mineral data are given in Table A3.3, Appendix Three. 

Chondrite17 normalised plots a.re used to display the data for the different formations 

and their members (Figs 8.1.24 & 8.1.25). The charge (3+) and comparatively large 

ionic radius (La 1.06 Ato Lu 0.85 A) of the REE's together with their low abundances 

suggests that they don't readily enter into the structures of the main rock- forming min

erals (Taylor, 1965). They all show similar electronegativity and ionization potential 

but show decreasing ionic radius (and therefore increasing compatability) with atomic 

number (Goldschmidt, 1954). Thus with fractionation both the absolute REE abun

dances increase as well as the LREE/HREE ratio. These properties are reflected in the 

highly evolved rocks of Motzfeldt where the units are all LREE enriched and have high 

(La/Lu)n 18 ratios. 

The samples analysed include a compositional range from hypoalkaline syenites to 

Peralkaline microsyenites. The :EREE contents correspondingly increase from around 

200 - 300 ppm in the hypoalkaline rocks to 400 - 500 ppm in the alkaline rocks and to 

800 - 1500 ppm in the peralkaline varieties (Fig 8.1.27). 

With this increase of :EREE values there is a general decrease in the relative abun

dance of Eu. This trend is due to the occurrence under moderately reducing conditions of 

the divalent Eu2+ (1.24A) (Goldschmidt, 1954) which can be preferentially incorporated 

in place of Ca2+ (1.06A) and/or K+ (1.33A) in feldspar (Chase et. al. 1962) in much the 

same fashion as Sr2+ (1.27 A) (Philpotts, 1970). Jones and Larsen (1985) indeed pointed 

out the strong posi~e correlation between Eu/Eu*19 and Sr content. The hypoalkaline 

17 Nakamura (1974)- chosen to be compatible with Jones and Larsen, 1985. 
18 

n = normali2ed . 
19 Eu* interp otted from line drawn between adjacent rare-earths 
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rocks generally have a small positive Eu (Fig 

8.1.24a) whereas in the alkaline units the anomaly is usually small but negative (Figs 

8.1.24 & 8.1.25) and the peralkaline rocks display deep negative anomalies (Fig 8.1.24b 

& 8.1.25b). The increase in l:REE shows a strong correlation with PI and Rb/K in 

the rock units20 , of +0.664 and +0.883 respectively and thus emphasises their value as 

indic ~s of fractionation. Clearly Eu has been incorporated, as would be expected in the 

feldspars of the least evolved hypoalkaline syenites. The progressive Eu depletion with 

differentiation, stresses the importance of feldspar fractionation in these later stages of 

the evolution of the Motzfeldt magmas. It would appear that rocks of 'benmoreite' com

position commonly contain small positive Eu anomalies ie, SM5* of Motzfeldt (Jones 

& Larsen, 1985), the Augite syenite of Ilimaussaq (Larsen, 1979), the GF-Geologfjeld 

syenite of Motzfeldt21 and in Larvikites from Oslo (Neumann, et. al. 1977; Neuman, 

1980). The Eu is probably largely contained within plagi- anorthoclase feldspars which 

are prevalent in these rocks. In fact, relict cores of plagioclase (oligoclase) are commonly 

detected in the Motzfeldt Larvikite, FDF-Nepheline syenite and GF-Geologfjeld syenite 

units. These may or may not be cognate inclusions. Jones and Larsen 1985, for in

stance, speculate that the positive anomalies result from the large scale incorporation 

of pre-existing feldspar rich cumulates. The relative depletion of Eu is dependent both 

on the fo 2 of the mq..gma and the crystallising phases present (Moller & Mueke, 1984). 

Weill and McKay (1p75) showed how, as the fo 2 decreased the distribution coefficient 

of Eu increased due to increasing Eu2+ /Eu3+. Morris and Haskins (1974) also pointed 

out that this effect could be caused by increasing the polymerisation of the melt. Larsen 

(1979) also confirmed that lowering the polymerisation of the melt decreases the parti

tion coefficients for the elements generally. In addition, Schnetzler and Philpotts (1970) 

convincingly showed how the size of the Eu anomaly was also a function of the composi-

tion of the feldspar, showing how Eu was preferentially incorporated into alkali feldspar 

compared to plagioclase. It is possible therefore, that in the magmas of the Gardar (Up

ton & Emeleus, 1987) and more particularly those of the Tugtutoq- Ilimaussaq zone (to 

20 except in the alte,red samples 
21 strictly trachyte in composition 
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which Motzfeldt is most similar) incorporation of Eu into feldspar was 'buffered' by the 

generally hi~h polymerisation of the magmas (high content of network modifiers such 

as fluorine, low activity of silica) and their relatively high Jo2 (Larsen, 1979; S0renson 

& Larsen, 1978) and 'delayed' until (K bearing) anorthoclase began to crystallise at 

benmoreitic (ie, larvikitic) compositions. Blaxland and Upton (1977) and Pearce (1988) 

have shown how Eu rich megacrysts could not have been derived from the rock in which 

they were contained. Pearce (1988) concluded that while the incorporation of megacrysts 

may explain the lack (or small size) of the Eu anomaly in some of the undersaturated 

evolved rocks, the most likely cause was the low activity of silica and relatively high 

Jo2. As evidence of this, he showed how a. suite of silica oversaturated dyke rocks, at 

the same evolutionary stage (benmoreite- trachyte - phonolite) in comparison, displayed 

considerable negative Eu anomalies. 

Thus the nepheliile syenites of Motzfeldt display only small negative Eu anomalies 

despite protracted feldspar fractionation having taken place in their parental magmas. 

The peralkaline rocks of Motzfeldt however show deep negative Eu anomalies and 

greater absolute abundances of the other REE's (Figs 8.1.24b & 8.1.25b; 8.1.26b ). The 

per alkaline rocks shown in these figures are all silica saturated which (as discussed) will 

enhance Eu depletion. In addition they have undergone considerable alkali-feldspar frac

tionation and therefore the large negative Eu anomalies are as expected. The extreme 

enrichment in }:REE's of the mineralised units (Fig 8.1.26b) is almost certainly a prod

uct of the complex combination of extreme fractionation and late-stage metasomatism 

(Larsen & Jones, 1980). For the detailed analysis of which see T11kiainen (1986c) and 

Mortea.ni, et. al. (1986). 

Fig 8.1.26a shows some mineral/rock REE distributions from selected minerals in 

Motzfeldt. Predictably the feldspars show very large positive Eu anomalies. The am

phibole analysis (326161) belonging to the GF-Pula.skite shows remarkable enrichment 

in all the REE but particulary the MREE (other than a depletion in Eu). The cal

cic amphiboles (ha.stingsites) of this rock invariably contain inclusions of apatite (Pla.te 

4.4b) which is considered here to be the cause of the elevated values (Henderson, 1982; 
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Nagasawa, 1970). Jones & Larsen (1985) have shown that the main REE bearing min

erals in Motzfeldt include feldspar (Eu), apatite, zircon, sphene and members of the 

la.venite/rinkite family. In the mineralised units the REE can occur in a whole suite of 

minerals such as pyrochlore, zircon, thorite, eudialyte, bastnastite, monazite, and a host 

of unidentified Zr-REE silicates and REE carbonates (Thkiainen, 1986b ). 

Discrimination between the units 

The L:REE concentrations.of the members of the Geologfjeld Formation are signifi

cantly lower than those of the members of the Motzfeldt Ring Series. This accords well 

with the other trace element findings. In addition the La to Yb gradient is steeper (ie, 

higher (La/Yb )n ratio) in the Geologfjeld Formation units. 

The nepheline syenite units of the Motzfeldt 80 and Flinks Dal Formations have 

very similar ranges of L:REE values and describe similar La to Yb gradients. However, 

it would appear that the MSF-Nepheline syenite22 has lower (La/Nd)n and (Yb/Lu)n 

ratios compared to the members of the Flinks Dal Formation and the various ring-dyke 

units (Figs 8.1.24 & 8.1.25). The small sample range however means these observations 

can only be used tentatively for any discriminative purposes. 

The slightly concave upwards profile of the spidergrams shown in the nepheline syenite 

units proably reflects the early separation of apatite which has a preferential affinity for 

the intermediate rare-earths (Haskin, 1979; Henderson, 1982). 

22 also the GF-Geologfjeld syenite & GF-Pulaskite 
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8.2 Economic minel!'alisation 

8.2.1 Introduction 

The MSF-Altered syenite and the associated MSF-Peralkaline Microsyenite Suite host 

complex ore reserves of Nb, Ta and Zr (with by- product LREE, U and Th) in the order 

of at least 130 million tons (Tukiainen, 1986b ). This section gives a brief outline of the 

mineralisation in the Motzfeldt Centre with regard to distribution and possible evolution. 

For a detailed geochemical, min,eralogical and economic assessment the reader is referred 

to Tukiainen (1986b; 1986c). 

8.2.2 Distribution of the mineralisation 

The results of the SYDURAN airborne-radiometric survey in Motzfeldt showed the 

uneven distribution of radioactive mineralisation (Tukiainen, Bradshaw & Emeleus, 1984; 

fig 35). Figures 8.2.1 and 8.2.2 (derived from the SYDURAN survey) show the regional 

Th and -U distribution in Motzfeldt. The data discriminate between the Formations 

remarkably well and indicate the value of this kind of survey in highly evolved alka

line Centres. Clearly the Motzfeldt So Formation hosts consistently higher values than 

the Juliainehab, Eriksfjord, Geologfjeld and Flinks Dal Formations. The economic con

centrations of Nb, Ta, Zr, U, Th and LREE are restricted to the MSF-Altered syenite 

and MSF-Peralkaline microsyenite suite (see sections 5.3 & 5.4 for mineralogical details). 

These mineralised rocks have developed within a shell-like zone, 2 to 4 km wide which 

is easily recognisable in the field because of pervasive brick-red staining of the rocks. 

While the mineralisation of the MSF-Altered syenite is largely confined within the in

trusion, mineralised MSF-Peralkaline sheets in places extend for up to 5 km into the 

surrounding country rock. These are associated with the ubiquitous development of mi

crosyenite/pegmatite segregations which occur within the MSF-Altered syenite, ranging 

from miarolitic cavities to very extensive subhorizontal sheets. The highest concentra

tions of economic minerals (and pegmatite sheets) occur high in the roof zones of the 

Motzfeldt So Formation , particularly in NE and SE Motzfeldt, where extensive 
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fracturing, induration and part- assimilation of the EF-basalts, tuffs and quarzites has 

taken place. 

8.2.3 Evolution of the mineralised zones 

Petrographic studies have shown that the main difference between the mineralised 

members of the Motzfeldt S~ Formation and the Flinks Dal Formation units (other than 

the mineralisation) is the evidence in the former of extremely high levels of volatiles 

(including H20), alkalis and considerable silica enrichment. Certainly the evidence for 

large scale assimilation of EF-Quartzite by the Motzfeldt 80 Formation is very strong, 

cause and effect being readily visible in the high ground of NE, E and SE Motzfeldt. 

Stable isotope methods could help determine these effects quantitively (eg, Taylor, 1980). 

The extreme enrichment in the mineralising fluids in the Motzfeldt S~ Formation may 

be due to one or more of the following three origins: 

a. 'Primary' high-levels of volatiles and incompatible elements caused initially by de

compressional melting and the subsequent influx of volatiles at mantle source (Bailey, 

1976: Thompson et. al. 1984) or similarly, partial melting at source due to volatile 

influx (ie, Blaxland et. al. 1978). The Motzfeldt S~ Formation being the first major 

phase of the Motzfeldt Ring Series could reflect this initial high volatile component. 

~QJI+-
b. Tapping of a volatile saturated (and incompatibleLrich) 'juvenile' residuum melt from 

the upper-layer of a stratified, fractionating magma chamber which had developed at 

depth, following fractionation by crystal accumulation of anhydrous phases such as 

olivine, plagioclase and pyroxene (as seen elsewhere in the Gardar). On rising, the 

decreasing confining pressure caused the low density fluid phase to separate, gravitate 

and accumulate naturally toward the top and sides of the high-level (subvolcanic) 

chamber. 

c. The Motzfelt 80 Formation magma1 incorporating large quantities of forma

tion and/or meteoric water from the surrounding country rock, particularly the EF-

1 of similar characteristics to the FDF magma 
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supracrustal succession ( cf. Taylor, 1977) and the mineralisation developing through 

a combination of in situ fractionation, diffusion, gas-transfer, leaching/migration and 

accumulation. 

In fact, all of these processes may have been involved to some extent and it would be 

interesting to determine the relative roles between juvenile magmatically derived fluids, 

formation and circulating ground water, using fluid inclusion studies and stable isotope 

methods (eg, Taylor, 1974). McMillan and Panteleyev (1980) described the two end

members of such a hydrotherrri'al system, namely orthomagmatic if dominated by :fluids 

of magmatic origin and convective if dominantly meteoric. In both cases they showed 

how a roof-zone of alteration and mineralisation occurred and confirmed Taylors (1974) 

earlier view that if the magmatic fluids were dominant the alteration was more confined 

to the intrusive body than in a convective hydrothermal system. 

What is certain is that the Motzfeldt SliS Formation was extremely enriched in volatiles 

(a study of fluid inclusions is needed). The majority of Gardar alkaline magmas were 

· rich in F, Cl and C compounds (Konnerup- Madsen & Rose-Hansen, 1982), 

but on the other hand relatively anhydrous (Upton & Emeleus, 1987). Alkaline melts 

have a high capacity for dissolving and retaining volatile compounds (therefore decreas

ing their concentrations in a coexisting gas phase) (Kogarko, 1974) which not only act as 

depolymerising agents but also increase the solubility of some incompatible elements (eg, 

Watson, 1979), and significantly increase the crystallisation interval of the magma (Sood 

& Edgar, 1970). Th~ members of the Flinks Dal Formation exemplify these properties. 

They all contain relatively high concentrations of, for example Zr and Nb (see section 

8.1), evenly distributed throughout, and cumulate layering is normal. Pegmatite is rare 

and local accumulat~ons of highly mineralised zones absent. This work has shown that 

the various units of nepheline syenite belonging to the Motzfeldt Ring Series have few sig

nificant2 differences in their incompatible element concentrations (see section 8.1). This 

geochemical consistency possibly represents the primary magmatic concentration of 

2 Mann-Whitney U test 
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incompatible elements for all members of the Motzfeldt Ring Series. It is considered 

probable from this and the field observations that the high concentrations in the altered 

units have been largely controlled by the chemical changes, caused by in situ interac

tion of magma, water and the surrounding country rock. It is considered here that H20 

derived largely from the country rock interacted and combined with the F, Cl rich mag

matic fluid to form an enveloping volatile-(over)saturated carapace such as envisaged in 

the formation of porphyry copper deposits (Burnham, 1979). The most obvious chemical 

change that this must have caused was to increase the fugacity of oxygen. Red hematite 

staining is extensive and pervasive throughout the altered rocks. An influx of water may 

have caused this, where H2 could have diffused out of the system (Tukiainen, 1986c). 

Breakdown of amphiboles (commonly seen) would also release OH and F into the system 

giving rise to the reaction (amongst others) OH- + Fe2 = Fe3 + 0 2 + t H2• In addition 

H2 may have combined with F and/or Cl to form the acid volatiles H2 S , HCl and HF. 

Flu~rite is a very common access:;ory in the altered rocks of Motzfeldt and, while F com-

plexing is still unproven, and some say unlikely (eg, Taylor et. al. 1981) the reactivity 
-

of Cl is well established (Helgeson, 1964). Halogen complexing may have provided the 

transporting mechaii.ism needed for the migration of the incompatible elements (Bailey 

& MacDonald, 1975; Collerson, 1982; Currie, 1986). The magmas of the altered rocks 

b~<2- silica-saturated and in extreme cases over-saturated as a consequence of 

assimilation of EF-Quartzite. 
~---------------

The ubiquitous albitisation characteristic of these roc-ks possibly occurred at this stage 

or much later as a result of Na-rich fluids permeating through the rock. Research using. 

Cathodoluminescence studies may help ascertain the timing of this albitisation event. 

Because of water oversaturation, particularly near the roof of the intrusion, boiling 

probably occurred. The extreme breakdown of mafic phases in the rocks ·xamined from 

the high ground in NE Motzfeldt also suggests this, and it is in these rocks that the high

est concentration of radioactive minerals are found. In addition, boiling would remove 

volatile constituents from solution and therefore leave a residue less capable of metal 

transport. Deposition would be the consequence. Moreover, Drummond and Ohomto 
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(1985) have shown that "Metals that are compexed by chloride are deposited largely as a 

result of decreasing proton concentration associated with C02 exsolution during boiling., 

Peralkaline magmas have the ability to carry incompatible elements in solution ( eg, 

Watson, 1979: Gableman, 1984). This is aided by their increased capability of dissolving 

volatile components so that they do not enter a gas phase, even at high concentrations 

(Kogarko, 1974). This capability decreases with increasing silica content of the magma 

(S~renson & Larsen, 1978). Therefore the wholesale influx of water and silica into the 

Motzfeldt S~ Formation would not only have caused complex chemical changes (see Tuki

ainen: 1986c) but would also have ultimately led to the expulsion of volatiles in a gas 

phase (boiling) and formation of a zone enriched in incompatible element precipitation. 

Water circulation as envisaged in Fig 8.2.3 combined with magmatic boiling at high 

levels in the intrusion could have acted as the driving force for the continued migration 

of the incompatible element and halogen rich, peralkaline, juvenile fluids from lower in 

the magma body. 

The detailed investigations of Tukiainen (1986b; 1986c) have proved that the ore min

erals have undergone several generations of nucleation and show continuous readjustment 

(precipitation/leaching) in response to the hydrothermal activity. This model of 'leach

ing', migration and accumulation necessitates the existence of a depleted source zone at 

depth, which remains to be investigated. 

Why is the mineralisation and red-staining largely restricted to the Motzfeldt S0 

Formation if it is mainly due to interaction with the country rock? The question 

arises because both the Geologfjeld and Flinks Dal Formation rocks penetrate into the 

supracrustal succession. 
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The Geologfjeld Formation, in fact is largely roofed by EF-Julianehab Granite (Plate 

3.4b) which presumably was generally impermeable to ground water migration. In addi

tion, the Geologfjeld magmas were demonstrably lower in absolute trace element and REE 

concentrations (section 8.1) and almost certainly in fugitive components as well. Despite 

this, where the GF-Nepheline syenite does contain large rafts of EF-Bas~ic material for 

example, 2 km west of Camp 4, the syenite is extremely discoloured (chocolate-brown) 

and shows elevated radioactivity counts. 

The Flinks Dal Formation contains huge raft xenoliths of EF-trachytic and phonolitic 

material (for details see Jones, 1980) up to 300 m thick and covering areas of several 

km 2 • Development of highly mineralised zones is limited however and largely confined to 

lujavrite development below the rafts, probably due to entrapment of volatiles in these 

local 'roofed' areas (Jones, 1980). Earlier in this work (section 3.6), it was noted that the 

raft material contained within the Flinks Dal Formation belonged to the llimaussaq Vol

canic Member (Jones, 1980) whereas the Motzfeldt S0 Formation contained rock from 

the Majut Sandstone Member and Mussartftt Volcanic Member (Larsen & Tukiainen, 

1985) from lower in the Eriksfjord Succession. The latter contain considerably more sed

imentary rock, particularly quartzite and a higher proportion of basalt (often vesicular). 

It is considered likely that these strata would have contained a much higher proportion of 

formation water than the more evolved trachytes and phonolites above and were proba

bly more permeable to water circulation. Moreover, because the Flinks Dal Formation is 

completely enclosed by the earlier Motzfeldt S0 Formation (Bradshaw, 1985) this would 

have considerably reduced the circulation of water in and around the Flinks Dal intru

sions{Fig 8.2.3). Taylor (1974) for instance envisaged that igneous intrusions emplaced 

into permeable country rocks (particularly in highly fractured volcanic areas) would act 

as "gigantic 'heat e11;gines' that set up long-lived hydrothermal convection systems that 

persist throughout the crystallisation and cooling of the intrusion." 

In summary, it is likely that the mineralisation which is largely concordant with the 

outer members of the Motzfeldt S0 Formation was deposited in a zone caused by the 
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complex interaction between the volatile and incompatible-rich peralkaline Motzfeldt S0 

Formation magma and the country rocks, coupled with a wholesale influx of water. Man

tle metasomatism, extensive fractionation, leaching and migration may all have played a 

part in the development of the highly mineralised roof zones, migration and deposition 

of the highly charged fluids being driven and facilitated by the water/halogen rich outer 

carapace provided by the country rock interaction. 

Whatever the balance between these several factors, what is unquestionable is the 

contemporaneity between the illineralising fluids and magmatic intrusion. 
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Chapielr 9 = Tectonic andl Magnn.aiic ewoh . .ILiion 

g.1 Tectonic control 

9.1.1 Introduction 

The Gardar represents a cyclic period of intracontinental fault controlled red-bed 

deposition and alkaline igneon,.s activity. The Gardar structures are superimposed on 

the older peneplained orogenic Ketilidian basement (see Chapter 1) and have not been 

affected by younger orogenic activity. In this chapter the tectonic evolution of the Gardar 

Province is discussed firstly in isolation and then in a continental setting. 

9.1.2 Lineaments 

The two main directions of lineaments are WNW-ESE and WSW-ENE (Berthelsen, 

A. & Noe-Nygaard, A. 1965; Stephenson 1976a; Thyrsted et. al. 1986). The former are 

major strike-slip faults with large sinistral movements, commonly in the range of 6 to 8 

km (Henriksen 1960; Emeleus and Stephenson, 1970; Tukiainen et al., 1984), (Fig 9.1.1). 

Moreover, field mapping has shown that crustal movement occurred intermittently along 

these faults throughout the Gardar Period (Henriksen, 1960). The WSW-ENE lineaments 

are associated with faults which show small (10-100 m), if any dextral displacements. 

Most of the Gardar· dykes and metamorphic grain in the basement gneiss also trend 

ENE. Vertical movements although difficult to assess, have been recorded throughout 

the Province along both lineament directions (Emeleus 1964; Emeleus & Stephenson 

1976a; Boshe et. al. 1971). The thick Eriksfjord Formation succession preserved on 

the llimaussaq peninsula for instance, represents a downthrown block of some 2-3 km 

(Emeleus & Upton, 1976). In Motzfeldt, vertical movements in the range 100 to 800 

m, are clearly defined using the base of the Eriksfjord Formation as a guide (Tukiainen, 

1985b ). The Flinks Dal Fault (6 km sinistral movement) for example has a down throw 

of at least 500 m to the N ( cf: Jones 1980). 
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It is well established that the major Gardar central complexes are situated at and con

trolled by the major lineament intersections (Berthelsen & Noe-Nygaard 1965; Stephen

son, 1976a). In the following section the role of the major strike-slip fault system is 

emphasised. 

9.1.3 Gardar rifting 

The Gardar Province has well established affinities with a continental rift system 

including; i) distinct parellelism of regular and intersecting lineaments with a long history 

ofregular movement; ii) fault bounded red bed/volcanic succession; iii) dyke swarms and 

subvolcanic central complexes; iv) mantle derived igneous rocks with alkaline affinites; 

v) axial gravity anomaly ( +ve). (Stewart, 1970; S!Zirensen, 1970; Upton, 1974; Upton & 

Blundell, 1978) 

From the spatial distribution of the intrusive igneous rocks in the Gardar Province 

(Fig 9.1.1) and associated ENE trending axial gravity high (Blundell, 1978) it is clear 

that 'rifting' is not confined to a linear belt analogous to the East African Rift System. 

The igneous 'zones' (Upton & Blundell, 1978) are ENE trending and parallel but offset 

in a roughly en echelon system covering a broad area over 120 km across (E-W). The 

structure of the Prov.lnce comprises a network of ENE horstfgrabens controlled by WNW

ESE sinistral simple shear (wrench tectonics). Four major WNW-ESE strike-slip fault 

zones extend across the Gardar Province, (here named for reference purposes from N to 

S); The Qagssiarssuq Fault; The Narssaq Fault; The Tugtutoq Fault; and The Julianelu1b 

Fault (Fig 9.1.1 ). They have acted as sinistral left stepping transcurrent faults, giving a 

framework of ENE trending pull-apart basins (see Fig 9.1.3). A simple, sinistral, coupling 

stress regime satisfactorily explains the orientation of the Gardar· dyke swarms on both 

the large and small scale. The Motzfeldt Centre for instance is dissected by the Plinks 

Dal Fault representing 6 km of E-W sinistral movement. Dyke emplacement has been 

shown to be contemporaneous with at least some of this movement (Pearce, 1988), and in 

Motzfeldt the magnificently exposed en echelon SvV-NE dyke swarms clearly are products 

of tensional stresses induced by sinistral shear coupling. Graphic corroborative evidence 

110 



of this is readily provided by experimental work with clay models (Cloos, 1955; Badgley, 

1965; Wilcox, et al. 1973). Fig 9.1.2a is taken from Wilcox et al. (op. cit.) and shows a 

striking similarity to the major tectonic structure of the Motzfeldt Centre (Fig 9.1.2c). 

The model shows an example of failure under parallel sinistral shear. Major sinistral 

strike-slip failure is accompanied by sigmoidal tension gashes and conjugate NW and 

NE faulting (normal & reverse, often with a small dextral component). If the shear is 

divergent, tensional and compressional stresses are enhanced (Badgley, 1965). On the 

larger scale it is probable that this similar stress pattern extended over the whole of the 

Gardar Province (Stephenson, 1976a). A similar strike-slip controlled graben system has 

recently been proposed for the evolution of the Benue trough in West Africa (Benkhelil & 

Robineau, 1983; Maurin et al., 1986; see also Marsh, 1973). Fig 9.1.3a shows a plan view 

of their interpretation of the controlling structure of the Benue trough (after Blenkhelil 

and Robinseau, op. cit.). Fig 9.1.3c shows three stages in the development of divergent 

plate boundaries in extensional continental settings (after Harding et. al., 1986) each of 

which is controlled by strike-slip motion and represent progressive degrees of extension. It 

is proposed here that the Gardar Province represents relatively limited crustal extension 

and comprises a series of extensional fault blocks. Major graben formation has been 

arrested except perhaps in the Tugtutoq-Narssaq zone (Upton & Blundell, 1978) where 

the gravity high indicates a zone of axial dyking (Blundell, 1978). 

Stephenson (1976a) proposed a simple shear model to explain the ductile deformation 

and elliptical plan of many of the Gardar Central complexes. He noted that they define 

simple strain ellipsoids about a shear direction of 105° and occur at the intersection of 

the major lineaments. These features correspond to pull-apart graben structures formed 

in response to E-W simple shear wrench tectonics. Dyke emplacement is controlled by 

tension parallel to the graben direction which is ENE, as predicted by a theoretical strain 

ellipse model (Fig 9.1.2b ). The central complexes occur where the sinistral decoupling 

intersects the ENE lineaments. The movement is transferred in the ENE direction pro

ducing a 'Rhombochasm' (Fig 9.1.3b; Biddle and Christie- Blick, 1986). This produces 

block faulting and rapid subsidence, facilitating the migr;1t ion and accumulation of salle 
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magmas and the formation of the ring complexes. Rotation of the central block in the 

Rhombochasm (Fig 9.1.3b) combined with stresses imparted by the rising and accu

mulating magma produce circular fractures and cauldron subsidence (Anderson, 1951). 

This environment produces ring-dykes and nested plutons, vented to the surface through 

circular fractures leading to caldera formation. 

9.1.4 Continental tectonic setting 

Rifting has been divided int~ two main groups 'passive' and 'active' (Sengor & Burke, 

1978). This terminology refers to the rift formation. Passive rifts are formed in passive 

response to a regional stress field (Morgan & Baker, 1983) whereas 'active' rifting is a 

result of a thermal upwelling of the asthenosphere (Bailey, 1964; Burke & Dewey, 1973; 

Bott, 1981). This is a somewhat generic classification and open to a chicken and egg 

argument as to the role of the mantle. In real terms there are four main continental rift 

settings (Tiles, 1985): 

1. Rifting at continental margins forming parallel or penetrative aulacogens from triple 

junctions (Burke & Dewey, 1973, Burke, 1980) (active?) 

2. Domal uplift and hot spot rifting (Rhodes, 1971, Bott, 1981) (active) 

3. Intracratonic rifting formed by intraplate strain (passive) 

4. Collision of continents giving rise to localised extensional grabens and strike slip 

structures (ie, the impactogens of Burke 1980) (passive) 

South Greenland up to the Mesozoic was contiguous with North America and probably 

Northern Europe (Piper 1982). Sawkins (1976) proposed a worldwide continental rifting 

episode (1.2 MY BP) representing the break up of a 'protopangea') Stewart (1976) on 

the other hand suggested that Proterozoic (1700-1200 MY) deposition was dominated 

by scattered, locally deep epicratonic troughs and only after 800 MY BP did continental 

scale extension occur. Baragar, (1977) suggested that the continental sequences of red 

bed/volcanic strata of the Keweenawan supergroup, Seal Lake group, Labrador and the 
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Gardar where synchronous and representative of a major continental rifting event. The 

Keweenawan rift of central N America has received a great deal of study. Keweenawan 

(1.2-1.0 MY BP) mafic rocks (mainly tholeiitic) and associated red clastic sediments 

occupy an arcuate belt over 2000 km long with an average width of 60 km (Halls, 1978). 

The axial gravity high ( + 60 mgals) associated with the rift has been associated with 

a major crustal suture with the limited formation of oceanic crust (Chase & Gilmar, 

1973) analogous to the Red Sea area of Africa. This has been convincingly disputed by 

Green (1983) who states that the rift was aborted before the birth of new ocean. The rift 

comprises several lava plateaux 2.5 to 7 km in depth and 100 x 250 km across. Most are 

tholeiitic in composition although notably the early volcanics were rich in incompatible 

elements (Green, 1983). Intrusions include basaltic dyke swarms, sills and small plutons. 

If the Gardar Province is, as seems likely, associated with this mid-continental rift of N. 

America (Baragar, 1977) it represents considerably less crustal extension (Upton, 1974; 

Upton & Emeleus, 1987) as exemplified by its network graben structure, smaller gravity 

high and more alka.ijne petrology (Gass, 1968; Harris, 1969; McKenzie, 1985). There 

is no general agreement as to the origin of the central N American Proterozoic rifting 

episode. Although the role of the Grenville event (1.0 my BP) has been stressed. 

The Keweenawan, Seal Lake and Gardar may represent penetrative aulacogen sys

tems related to the opening of the Grenville ocean (subsequently closed) (Burke, 1980). 

The mechanism of rifting and alkaline magmatism may follow the proposals of Marsh 

(1973) and Sykes (1978) and be related to the continental extension of transform faults or 

reactivated preexisting zones of weakness controlled by transform stress systems. Sykes 

(1978) has shown that unlike oceanic transforms, reactivated zones of weakness in conti

nents usually involve only relatively small horizontal displacement. The seismic activity 

and alkaline magmatism however, is controlled by deep fractures that penetrate the whole 

thickness of the lithosphere. Moreover, Sykes (op cit) points out "During the fragmen

tation of a supercontinent, multibranched rifting usually follows the youngest zone of 

previous orogenesis and as much as possible avoids passing through old cratonic areas 

where the lithosphere is thick, cold and strong ...... During the early development of 
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an ocean the preexisting mosaic of structural elements within the thick craton produce 

normal forces across some plate margins, leaky transform faulting, and localised stress 

concentrations" . 

Sykes (op cit.) also points out that 'hot spots' appear to be related to nodes or 

junctions in this mosaic pattern and therefore are passive features and not the surficial 

expression of mantle plumes ( cf: Burke & Dewey, 1973; Rhodes, 1971; Fletcher & Lither

land, 1981). Donaldson and Irving (1972) ·suggest the Keweenawan to be the product 

of tensional phases related to the waning stages of the strike-slip (dextral) collision of 

the Grenville Plate from the ESE. This is endorsed by Gordon and Hempton (1986) who 

show the Keweenawan rift to have formed from fiBhtlateral NW-SE strike-slip faults prop

agating into the N American interior from the NNE-SSW Grenville plate collision zone. 

Left stepping offsets along the strike-slip faults produced NE-SW pull-apart basins and 

tension gashes. These focused magmatic activity giving rise to axial dyking and fissure 

eruption. Gordon and Hempton (op cit) further consider this impactogen origin (Burke, 

1980) to be responsible for the Baikal extensional system; the Rhine Graben; and the 

Oslo Graben, all bei~g strike-slip controlled. Halls (1978) points out however that there 

is no evidence of any plate suture anywhere within the Grenville Province. 

In conclusion, the Gardar represents a prolonged (c. 200 MY) and cyclic period of 

intracratonic rifting. The structures developed were in response to intraplate sinistral 

shear stresses controlled by continental scale tectonics. Crustal interaction between the 

N. American and the Grenvillian plates was responsible. This stress regime could be 

related to the continental extension of major transform faults concomitant with the 

break up of theN American supercontinent. A strong case however has been presented 

for an impactogen origin for the rifting. What ever the driving force, intraplate strain 

preferentially reactivated the younger Ketilidian mobile belt which was subjected to 

sinistral shear. Passive continental extension and crustal thinning induced a rise in the 

geothermal gradient (Macl(enzie, 1978) and partial melting in the upper mantle. Deep 

fracture zones facilitated the rapid rise of magma which followed the ENE zones of tension 
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in the brittle upper crust. ENE extensional fault blocks developed and crustal decoupling 

occ11r, ;red along several roughly parallel WNW-ESE strike-slip faults. Rhombochasms 

developed where these intersected giving rapid block subsidence and facilitating the high 

level rise and accumulation of salle magma to form subvolcanic ring complexes. These 

zones are analogous to 'leaky transform faults' in oceanic lithosphere. 

The Gardar Province is bounded by an Archaean cratonic block to the N, and it is 

probable that during continental scale tectonics a sinistral wrench developed between 

this craton and the opening or closing of the Grenville plate to the S. 

9.2 Magmatic Development 

The preceding section indicated the importance of continental scale tectonics in the 

development of the Gardar Province and showed how the Gardar structures represent 

considerably less crustal extension than the associated mid-continental rift of N America 

(Baragar, 1977). Because of this the province has produced less extensive but more 

alkaline igneous activity (Upton, 1974; Harris, 1969). 

In the recent comprehensive review on the Gar dar magmatism by Upton and Emeleus 

(1987) a number of important conclusions were drawn. Some of these are summarised 

below (with additional comments) in order to complete the overall generic picture of the 

Province, for this work. 

1. The cause of repetitive alkaline magma generation may be related to partial melting 

of the lithospheric mantle triggered by deep mantle emanations ofF, Cl and C rich 

fluids. 

The rise of these fluids could possibly be in response to tectonic decompression caused 

by lithospheric thinning and corresponding rising geothermal gradients (McKenzie, 1978; 

Morgan & Baker, 1983) or the converse (Bailey, 1964; 1970; 1974a; 1977). 

115 



2. The mantle source rocks partially melted were probably clinopyroxene depleted, 

lightly metasomatised 1 ( cf, Lloyd & Bailey, 1975) garnet lherzolites (ie, with low 

Cpx/Gnt ratios). 

3. Early fractionation of Mg-olivine and Mg-clinopyroxene at sub crustal levels then gave 

rise to the typically mildly alkaline or transitional olivine basaltic magmas with char

acteristically high Ah 0 3/CaO and FeO /MgO ratios. 

4. Low H2 0 but high halogen~and C compounds lowered viscosity and facilitated easy 

mobility and formation of fractionating layered intrusions. 

5. More evolved magmas were produced from the basaltic2 - hawaiitic parents largely 

by low pressure crystal fractionation of Fe-Ti oxide, olivine, pyroxene and 

plagioclase. The mugearitic/benmoreitic residues derived from these processes 

continued to evolve to benmoreiticftrachyte composition by continued removal of 

olivine and pyroxene with increased fractionation offeldspar (including anorthoclase) 

and apatite. At high crustal levels continued fractionation leads to the undersaturated 

sequence of syenite - pulaskite- nepheline syenite or an oversaturated trend toward 

syenite - qtz-syenite - granite. 

6. The magmas parental to the N American anorthosites were tholeiitic and were pr<r 

duced from melting much more extensive than that which later formed the rocks 

characteristic of the Gardar igneous province. 

The Gardar Province is,: u~derlain by Massif-type anorthosites of Mid-Proterozoic 

age (Bridgwater, 1967; Bridgewater & Harry, 1968). They are thought to be part of a 

continental scale event (1.7 to 1.2 MY; Morse, 1977) which predated the Gardar rifting 

episode (Emslie, 1978). Feldspar crystallisation, fractionation and cumulate layering has 

played a role in the Gardar magmatic evolution and particularly in the more evolved 

1 at least in the Tugtu toq - Ilimaussaq zone 
2 Basanite however, is apparently more widespread than previously considered (Pearce, 

1988) 
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stages. However, from trace and rare earth element studies it is now considered that 

there is no direct genetic link between the massif-type anorthosites (as represented by 

many of the feldspar megacrysts in the Big feldspar dykes) and the Gardar magmatic 

evolution (Upton & Thomas, 1980; Blaxland & Upton, 1978; Pearce, 1988). 

7. The Gardar Province magmatism was cyclic. 

Upton and Emeleus, (1987) stress the importance of cycles of activity in the Gar

dar (see also Upton & Blundell, 1978), and state that during episodes ofhigh tensional 

stresses, (begining of each cycle unit) large quantities of basalts reach the surface (ie, 

dykes and plateau lavas) whereas in later, (end of each cycle unit) quieter stress regimes, 

salic lavas develop in trapped, fractionating magma chambers. The mobile, low density 

salic magmas rise and are 'ponded' at high levels, forming sub-volcanic magma chambers. 

For example, Upton and Emeleus (op. cit.) consider the Eriksfjord Formation to repre

sent the begining of the first (Early) Gardar cycle and the salic intrusions of Motzfeldt 

and N Qoroq to mark the end (see Chapter 1). 

Weaver et. al. (1972), postulated a similar model for the development of trachytic 

lavas in the East African Rift System. They envisaged an axial dyke-like basaltic body 

of batholithic proportions (with similar positive gravity anomaly to that of the Tugtutoq 

- Ilimaussaq zone of Gardar) would form by crystal -liquid fractionation, a zoned profile 

with more salic fractions upward. 

The spatial and temporal distribution of the Gardar ring-centres suggest that they 

represent high level salic magma chambers which developed above a regional scale, axial 

complex of dykes and magma chambers ( cf: Chapman, 1967). The higher tensional 

stresses early in each cycle facilitated the rapid upward venting of basalticfhawaiitic 

magmas in the form of dyke swarms and associated fissure volcanics. Lower to mid crustal 

magma chambers wduld also be repenished and formed particularly as the stress regime 

waned. With lower stresses, quiescence and entrapment caused fractionating chambers 

to develop toward benmoreitic compositions and salic cupolas to form (Chapman, 1966). 

As the high crustal levels continued to tectonically readjust, later in each cycle, tapping 
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and migration of the salle residuum was possible (Gill, 1973). Wolff (1987) suggests that 

each lithological discontinuity in a ring-complex may be the product of an event, in a 

single magma chamber, such as partial replenishment or partial eruption. Others stress 

the importance of chemical/mineralogical stratification (Upton, 1960; Stephenson, 1973; 

Jones, 1980; Stephenson & Upton, 1982). Whatever the case, subvolcanic ring-centres 

in the Gardar developed preferentially where the tectonic regime of intersecting faults / 

fault blocks interacted with the axial magmatic zones and allowed rapid block subsidence, 

accumulation and venting of magma. 
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Tills study was instigated primarily to reassess the field relationships of the Motzfeldt 

Centre. The results of the early SYDURAN surveys (Armour-Brown, Tukiainen & 

Wallin, 1980; 1981; Tukiainen, 1981) indicated a need for this reappraisal with the dis

covery of large areas of previously unsuspected, highly mineralised and economically 
~ . 

valuable rock units. The combination of field surveys and airborne-radiometric and 

geochemical analyses1 has provided the data for the geological revision of Motzfeldt pre-

sented here. Throughout the SYDURAN 1982 and PYROCHLORE 1984 projects, the 

geological progress has been documented and the autho! has been directly involved in a 

number of reports (see Appendix One). This thesis is the culmination of this progress 

2 and whilst still only a 'progress' report the work is aimed at giving a comprehensive 

documentation of the general characteristics of the rock units. Further progress in the 

'understanding' of Motzfeldt will necessitate; continued field surveys and geochemical 

analysis with the 'pooling' of geochemical results to form a single data-base3 ; and the 

instigation of stable isotope and fluid inclusion studies. 

10.2 Field interpretation 

The following observations describe the major changes in the geological interpretation 

since the begining of the SYDURAN (1982) survey. The main conclusions drawn from 

this study are indicated together with possible areas of further research which would be 

particularly beneficial to the overall synthesis. 

1 greatly enhanced by superb 1:10000 contoured orthophoto maps 
2 at least for the author's geological interpretations 
3 apparently well under way (Tukiainen. pers. comm.) 
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10.2.1 New nomenclature 

The main intrusive units of Motzfeldt can be grouped into three generically related 

intrusive sequences or lForrma.inons. 

This division was based primarily on field obse_rvations (Bradshaw & Tukiainen, 1983) 

but has subsequently been endorsed by petrographic and geochemical study (Tukiainen, 

Bradshaw & Emeleus, 1984; this work). The Motzfeldt S~ and Flinks Dal Formations 

comprise the main centralised ring intrusion of Motzfeldt (SM1 to SM5 of Emeleus & 
~ 

Harry, 1970 ; SM5* & SM6 of Jones, 1980) now called the Motzfeldt lling Series (Brad

shaw & Thkiainen, 1983). 

The following previously undiscovered or undescribed units (or unit variations) have 

been documented: 

GF-Geologfjeld syenite 

MSF-Marginal arfvedsonite syenite 

MSF-Altered syenite 

MSF-Peralkaline microsyenite suite 

Laminated alkali syenite (partly described by Jones (1980) as SM3) 

The following units have been described in the areas indicated in brackets for the first 

time: 

Laminated porphyritic syenite (in NE Motzfeldt) 

MSF-Nepheline syenite (C Motzfeldt (east and west)) 

MSF-Nepheline syenite (SW Motzfeldt) 

FDF-Foyaite (central type) (S Motzfeldt) 

10.2.2 The Geologfjeld Formation 

The intimate field and generic relationship is confirmed between the N Motzfeldt 

Satellite syenites GF-Pulaskite and GF-Nepheline syenite (NMI & NM2). The discovery 

of GF-Geologfjeld syenite in NE and NW Motzfeldt (Bradshaw & Tukia.inen, 1983), which 
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is very similar petrographically and geochemically to the GF-Pulaskite (NMl), indicates 

the greater importance and much larger extent of these early satellitic intrusions. The 

sodalite-nepheline syenite of SE Motzfeldt assigned to this Formation by Bradshaw and 

Tukiainen (1983) is considered by Bliksted (1984 - GGU field notes) to be a 'fresh' 

variety of the MSF-Altered syenite. If this is so then detailed study may place some 

constraints on the timing of the mineralising hydrothermal event. The field evidence 

in NW Motzfeldt showed that the consolidated GF-Geologfjeld syenite was essentially 

impervious to this mineralising and staining process which so effected the Motzfeld 80 

Formation (Bradshaw, 1985). 

The Geologfjeld Formation/ Motzfeldt S0 Formation contact whilst discovered in the 

NW has not been located conclusively in NE Motzfeldt and the pink nepheline bearing 

syenites discovered at low elevations (presumably near this contact) in Storeelv need 

further investigation. 

10.2.3 The Motzfeldt S0 Formation 

This unit originally SM1 of Emeleus and Harry, 1970 has been divided into three 

distinct concentrically zoned variants: the MSF-Marginal arfvedsonite syenite, MSF

altered syenite (with sheet segregations) and the MSF-Nepheline syenite (Bradshaw & 

Tukiainen, 1983). The Formation was shown to extend vast swarms of microsyenite sheets 

(Peralkaline Microsyenite Suite) into the country rock (Tukiainen, 1981) and older syenite 

units (Bradshaw & Tukiainen, 1983). 

Previous studies indicated the possible role played by assimilation of the siliceous 

country rock (mainly quartzites) in forming the saturated and sometimes oversaturated 

outer members of SM1 (Emeleus & Harry, 1970; Jones, 1980). The SYDURAN and 

PYROCHLORE surveys have confirmed this relationship and stressed the importance of 

crustal interaction in the development of this outer zone of mineralisation in the MSF

Altered syenite (Tukiainen, Bradshaw & Emeleus, 1983; Tukiainen, 1986c). 
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In addition, these works have shown how the Peralkaline Microsyenite Suite of intru

sions is related generically spatially and temporally to this altered zone. 

The preliminary results of the airborne-radiometric survey indicated that contrary to 

earlier interpretations, the Motzfeldt S0 Formation probably completely enveloped the 

Flinks Dal Formation units. Subsequent PYROCHLORE field investigations confirmed 

this, with the discovery of an outer band of Motzfeldt/Stz! Formation rocks in SW and C 

Motzfeldt (west) (Bradshaw, 1985). 

Large raft xenoliths of MSF-Nepheline syenite discovered in the Flinks Dal Formation 

in the high-ground of S Motzfeldt (Bradshaw, 1985) indicate that the Motzfeldt S0 

Formation possibly extended over (roofed) the whole area it now circurrtribes. 

10.2.4 The Flinks Dal Formation 

A major revision of units comprising the Flinks Dal Formation has taken place since 

the early surveys. Br.adshaw and Tukiainen (1983), noted the striking similarity between 

the outer porphyritic margins of SM4 in C Motzfeldt (north) and the rock described as 

SM2 in SE Motzfeldt; and suggested that they may be in fact the same unit. This rela

tionship was endorsed by the discovery of the MSF-Nepheline syenite/PDF-Porphyritic 

nepheline syenite (SM2) contact in C Motzfeldt (east), (Bradshaw, 1985). This proved 

both the existence for the first time of SM2 N of the Flinks Dal Fault and that the SM3 

ring-dyke in SE Motzfeldt could not extend intoNE Motzfeldt (as suggested by the earlier 

surveys). This gave further confirmation of the 6 km offset along the Flinks Dal Fault. 

With the recognition of the Motzfeldt Sp Formation in W Motzfeldt it is considered here 

that the porphyritic nepheline microsyenites comprising SM2 and the outer members of 

SM4 in C Motzfeldt (north and west) represent the initial intrusion and outer 'chilled' 

facies of the Flinks Dal Formation. 

Jones (1980) noted the complexity of the unit SM4 ... "Within SM4 there are several 

distinct facies, possibly representing separate intrusive or cooling events" and described 
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SM4 in two sections: Foyaite and Porphyritic nepheline microsyenitefphonolite. The foy

aite he noted, displayed complex intrusive 'dyke-like' affinities in SW Motzfeldt, whereas 

similar rocks occurred in sub-horizontal cumulus horizons just E of the larvikite ring 

dyke (C Motzfeldt, west). 

The current survey groups these foyaite types into FDF-Foyaite (transgressive) and 

FDF-Foyaite (central) facies respectively. 

The large, saucer shaped cu!flulate 'pile' (>300m thickness and c. 3 km diameter) of 

central type FDF-Foyaite discovered in the high ground of S Motzfeldt (Bradshaw, 1985) 

petrographically matches that described by Jones (1980), just E of the larvikite ring 

dyke, N of the Flinks Dal Fault. When the movement along this fault is reversed, these 

foyaites clearly belong to a single unit analogous to the central SI7 of the Igdlerfigssalik 

intrusion (Emeleus & Harry, 1970). 

This foyaite cumulate succession has either developed within the contemporaneous 

PDF-Porphyritic nepheline syenite envelope or has intruded and 'cored out' the latter at 

some later stage. There is conclusive evidence that the foyaite is younger, with brittle 

intrusive relations seen in S Motzfeldt (see Chapter 6). The contact between the two 

units in C Motzfeldt (west) is very sharp (but masked by the larvikite). These features, 

however could also be developed if the outer zone chilled and acted as an independent 

brittle crust to the very mobile magmas within, with little or no exchange of material. 

The thermal or physical dynamics of this occurrence on such a large scale however, have 

not been investigated. 

It also remains to be clarified whether or not the transgressive FDF-Foyaite, which 

demonstrably invades the PDF-Porphyritic nepheline syenite and/or MSF-Nepheline 

syenite in SW, S and SE Motzfeldt, with a series of partial ring dykes is contempo

raneous with the central FDF-Foyaite or entirely separate (at least at these intrusive 

levels). 

123 



The PDF-Nepheline syenite is demonstrably the youngest major intrusive unit of the 

Motzfeldt Ring Series and the Motzfeldt Centre. The view that the larvikite ring dyke 

is closely related to this unit and is probably the last intrusive phase of the Motzfeldt 

Centre (Jones, 1980) is upheld here. 

10.2.5 The Hypabyssal Series 

The minor intrusive units of partial ring-dyke or sheet form which are not demonstra

bly connected with any Format-ion have been reappraised. They are collectively referred 

to for descriptive purposes as the Hypabyssal Series (this work) and correspond to the 

following units of Emeleus and Harry, 1970; 

Laminated alkali syenite2 = SM3 

Laminated porphyritic syenite = EMa 

Poikilitic arfvedsonite microsyenite = EMb 

The arcuate band of SM3 curving throughout NE Motzfeldt mapped and described 

by Emeleus and Harry (1970), was shown to comprise a multi-intrusive network of partial 

ring-dykes/sheets belonging to two separate units (Bradshaw & Tukiainen, 1983). The 

Laminated alkali syenite consisting of at least 3 parallel intrusions, is clearly invaded by 

the younger irregular and smaller dykes of the Laminated porphyritic syenite. 

The Laminated alkali syenite was briefly described petrographically by Jones, 1980 

as SM3: N of the Flinks Dal Fault. In the light of the discovery of the 6 km lateral offset 

along this fault it became clear that the SM3 of SE Motzfeldt could not extend into the 

NE area. This therefore ruled out the possibility that the Laminated alkali syenite was 

a nepheline-free variety of the same unit. Indeed the Laminated alkali syenite has yet 

to be discovered at all in SE Motzfeldt. Certainly it should be located in the N facing 

cliffs of SE Motzfeldt and the S facing cliffs of E Motzfeldt. However, access is severely 

restricted in these areas by steep cliffs, scree and glacial moraine. Dykes of Laminated 

porphyritic syenite on the other hand have been traced throughout the length of the SE 

2 named Fayalite alkali syenite by Bradshaw and Tukiainen, 1983 
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and NE Motzfeldt. Mapping difficulties occur in SE Motzfeldt where the lithologically 

similar MSF-Marginal syenite exists in close proximity. 

The younger Poikilitic arfvedsonite microsyenite is generically related to the Lam

inated Porphyritic syenite. The mut is younger (although possibly overlapping) and 

occurs as hyalocrystalline sub-horizontal sheets (or sheet) only in SE Motzfeld t. 

The units comprising the Hypabyssal Series are definitely younger than the Geologf

jeld and Motzfeldt S0 Formatio!ls but because they are nowhere in contact with any units 

of the Flinks Dal Formation the age relations between these two groups are uncertain. 

On the basis of geochemical considerations it is conjectured here that the Flinks Dal 

Formation is the younger. 

10.3 Mineralogical and Geochemical Conclusions 

10.3.1 Mineralogy 

The majority of rock types comprising the Motzfeldt Centre occur within a narrow 

range of compositions, over 90% being syenite or nepheline syenite in lithology. They rep

resent the end member compositions of protracted fractionation in the alkaline olivine 

basalt (sodic) series (of; Irvine and Baragar, 1976). Although most follow an under

saturated course, a number of units display saturated or oversaturated characteristics 

particularly where they have been contaminated by siliceous country rock. 

This thesis has emphasised the importance of peralkalinity in typifying the geo-

chemical and mineralogical features found in the rock units. A broad three-fold clas

sification is used. Hypoalkaline (PI < 0.95) syenites and nepheline syenites (miaskitic) 

are characterised by relatively1 low concentrations of the incompatible elements whilst 

containing high Ca, Ba, Sr, Mg, and Ti. Typically the mineralogy comprises; calcic mafic 

minerals- hasting sitic hornblende and salite or ferrosalite, (Ca) alkali-feldspar often with 

1 in comparison to alkaline and peralkaline types 
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plagioclase cores, Fe-Ti oxides and apatite, and/or nepheline. The dominant substitu

tion in the mafic minerals is Mg2+ ~ Fe2+. Zoning however is not strongly developed 

and the crystallisation interval was probably short (Sood & Edgar, 1970). The term 

hypoa.lkaline is used here strictly for rocks of tra.chytic and phonolitic compositions and 
0 

not benmoreitic types (ie, la.rvikites ). From the review of previous Ga.rda.r geochemical 

data. it appears that the terms 'augite syenite' and 'la.rvikite' are commonly used synony-

mously to describe coarse grained rocks of both benmoreitic and tra.chytic (hypoalka.line) 

compositions. There are many syenites (sensu stricto) in the Ga.rda.r, from both the 

giant dykes and the ring complexes, which appear very similar to the GF-Geologfjeld 

syenite described here. 

The alkaline rocks (0.95 <PI< 1.1) incorporate the alkali syenites and most nepheline 

syenites (khibinitic) of Motzfeldt. The rocks show a. wide range of mineralogical and geo-

chemical characteristics. They show moderate to strong zoning and an increased interval 

of crystallisation. Early cumulus minerals often have hypoa.lkaline affinities whereas 

the intercumulus mineralogy is often peralkaline. Typically the mafic minerals include 

(zoned) ferro-edenites - ka.ta.phorites and ferrosalites - aegirine hedenbergites. Coarsely 

unmixed mesoperthite enclosing cores of cryptoperthite (anorthoclase?) are usual. If 

present, nepheline, like the feldspar, behaves as an important cumulus phase. Zircon and 

other incompatible element accessory minerals become more common and apatite less so. 

Very few rock types in Motzfeldt have evolved beyond this stage. 

The 'fresh' per alkaline rocks in Motzfeldt are restricted to minor intrusions. These in

clude the laminated porphyritic syenite and pera.lka.line arfvedsonite microsyenite belong

ing to the Hypabyssal Series; certain members of the the MSF-Peralkaline Microsyenite 

Suite and the Luja.vrites of SW Motzfeldt. In addition, the extensive, metasomatised, 
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outer areas of the Motzfeldt 8111 Formation comprise rocks of peralkaline chemistry.3 The 

'fresh' undersaturated examples in Motzfeldt (ie, low sequences in the Peralkaline Mi

crosyenite Suite, near Camp 9) exhibit remarkable rock textures which indicate a very 

high degree of fluidity. They 

are characteristically very rich in N a minerals such as arfvedsonite, aenigmatite and al

bite. Late stage aegirine is also common. Very high levels of incompatible elements are 

in evidence and contained in complex silicates such as eudialyte, rinkiteflavenite and 

many unidentified accessory minerals. Complex (incompatible element rich) oxides are 

most common in the altered peralkaline rocks where this condition has been overprinted 

through metasomatic effects. 

10.3.2 Geochemistry 

The mineralogical changes between these groupings are obviously also reflected by 

similar changes in their major element geochemical characteristics. The trace element 

and REE data given here, however, also indicate the relevance of these divisions. There 

is a gradual, systematic change through the groups with increasing peralkalinity. The 

elements Na, Zr, Nb, La, Ce, Th, U, Rb, and Ph, increase in concentration, whereas the 

residual elements Ba, Sr, P, Mg and Ca significantly decrease. This process is driven by 

crystal-liquid fractionation and possibly aided by volatile (gaseous) transfer, certainly in 

the later stages. 

As an aid to the field investigations non-parametric statistical tests of the geochemical 

data were undertaken and evaluated as a. method of discriminating between the units. 

The nepheline syenites of Motzfeldt are all very similar in mineralogy and chemistry. 

They have undergone slow cooling and evoL..,J-;M in situ, and are therefore not ho

mogeneous. Discrimination between these units, by geochemical means (at least from 

the major and trace element abundance and ratios) is probably less reliable than pet

rographic studies. The foyaitic rocks which have clearly been involved in large scale in 

3 coarse-grained agpaitic nepheline syenites are not developed in Motzfeldt) 
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situ mineral accumulation and fractionation show significantly lower absolute levels of Ba 

and Sr than those which have not. The MSF-Nepheline syenites have also been shown 

to have significantly higher Zr/La ratios than the adjacent PDF-Porphyritic nepheline 

syenite in SE Motzfeldt. The most important difference observed between the nepheline 

syenites is the considerably lower ( c.t) absolute trace element abundances between the 

GF-Nepheline syenite and those which belong to the Motzfeldt Ring Series. This suggests 

a completely separate evolution for the Geologfjeld Formation and confirms its 'satellitic' 

origin. 

The syenites (sensu stricto) ofMotzfeldt show a much wider range of petrography and 

geochemistry than the nepheline syenites. Discrimination between the units is generally 

clear in both of these terms. The geochemical data confirm the suspicions of Bradshaw 

and Tukiainen, (1983) that the GF-Geologfjeld syenite and the GF-Pulaskite are in fact 

slightly different facies of the same rock unit or at least are generically related (proba

bly from the same magma source). Similarly the Laminated porphyritic syenite and the 

Poikilitic arfvedsonite microsyenite are shown to be extremely similar geochemically and 

probably share a common magma source (of quite different composition to the Geologf

jeld Formation magmas). In SE Motzfeldt, the Laminated porphyritic syenite has been 

confused with the petrographically similar MSF-Marginal arfvedsonite syenite. This is 

not totally resolved because of the limited geochemical data set for the latter, but the 

provisional results, however indicate significant differences between the units, particularly 

in the CafBa and Ba/Zr ratios. 

The REEs show that in general the hypoalkaline rocks display small positive Eu 

anomalies, the alkaline rocks small negative Eu anomalies and the peralkaline rocks strong 

negative Eu anomalies. At the same time, absolute abundances of the remaining REEs 

increase. They are all (REE enriched with high (La/Lu)n"" 15). The generally small Eu 

anomalies displayed by the nepheline syenites despite their highly evolved chemistry are. 

best explained by the combination of relatively high /02 , low polymerisation (low Si02 

and high F, Cl) and limited anorthosite development during their magmatic evolution. 
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Incorporation of plagioclase megacrysts may also produce a similar, more localised effect 

(Jones, 1980). 

The incompatible element spidergrams show that the progressive removal of feldspar, 

apatite, Fe-Ti oxides and mafic minerals have determined the geochemistry of the evolved 

rocks of the Motzfeldt Centre. 

10.3.3 Economic mineralisation 

This very complex topic continues to be investigated by the economic geologists of 

the Greenland Geological Survey. Airborne radiometric surveys and comprehensive field 

work have shown the oldest, outermost unit of the Motzfeldt Ring Series (the Motzfeldt 

S!ll Formation) to host extensive Th, U, Nb, Ta, Zr and REE mineralisation. Pyrochlore 

is the most important economic phase. It is associated with zircon, and rare-metal sili

cates and carbonates. Reserves are put at an estimated 130 million tons of ore grade rock 

and the centre is potentially a very large source of tantalum. The mineralisation is not 

evenly distributed throughout the Formation, but occurs in a 2 to 4 km wide, side-wall 

and roof zone of brick-red hydrothermally altered syenite. Unlike any other major unit in 

the Centre, the altered syenite contains ubiquitous pegmatitic segregations ranging from 

miarolitic cavities to very extensive subhorizontal sheets; furthermore, large numbers of 

similarly mineralised microsyenitefpegmatite sheets extend from the altered zone for up 

to 5 km into the surrounding country rocks. Large quantities of the roofing quartzites 

and basalts (belonging to the EF-Majut and Mussartut Members) have been incorporated 

into the outer zone, where the basalts in particular are preserved as huge, spectacular 

raft xenoliths. The quartzites have, however been largely assimilated and have given the 

altered syenite its unusual (for the Centre) quartz normative character. The mineralisa

tion is probably the result of the interaction of an incompatible element/volatile enriched 

magmatic residuum and the influx of silica and meteoric water, which resulted in a dra

matic increase in /02, acidity and hydrothermal activity. A volatile-saturated outer 

shell developed which facilitated the migration, accumulation and precipitation of the 

incompatible elements. In contrast, the younger intrusions of the Flinks Dal Formation, 
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although geochemically similar to the fresh members of the Motzfeldt S¢ Formation, are 

poor in pegmatite and commonly display chilled margins and cumulate layering. They 

intrude into higher levels of the country rock succession where intermediate rocks of the 

EF-llimaussaq Volcanic Member (Jones, 1980) dominate. Consequently they have not 

been significantly modified by their incorporation whilst also being shielded from large 

scale ground water circulation by the surrounding, largely impermeable Motzfeldt S0 

Formation. 

Fluid inclusion and stable isotope studies are necessary to narrow down the possible 

number of processes which may have helped to form these economic reserves. 

10.4 Structure and lFaulting 

The Gardar Province has the following combination of features typical of intraconti

nental rifting: 

1, A network of parallel and intersecting lineament sets 

2, Fault bounded volcano-sedimentary red-bed succession 

3, Dyke swarms and subvolcanic ring centres 

4, Positive, axial gravity anomaly. 

The rifting was prolonged (200 MY), repetitive and cyclic. The events were probably 

in response to intraplate, sinistral shear stresses controlled by the crustal interaction of 

the American and Grenvillian plates. The intraplate strain preferentially reactivated the 

younger (and weaker) Ketilidian mobile belt (bounded by the rigid Archean craton to the 

N) which was subjected to sinistral shear. The combination of crustal thinning, brittle 

fracturing and the subsequent rise in geothermal gradient facilitated the rise of magma. 

The location of dyke swarms and central complexes are controlled by the dominant 

lineament direction and the latter are particularly governed by the loci of intersecting 

lineaments. The 'space problem' is for the central complexes solved by high-level crustal 

decoupling, forming 'rhombochasms' analogous to the 'leaky transform' faults of the 

oceanic lithosphere. It is proposed here that the Gardar is the product of passive rifting 
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of relatively limited crustal extent which has been arrested before major lithospheric 

decoupling has taken place ( cf. East African Rift Valley). 

The predominantly sinistral crustal stresses which have affected the whole province 

are represented by the fault structures of Motzfeldt. The area is bisected along the 

sinistral strike-slip lineament known as the Flinks Dal Fault. This represents a sinistral 

throw of 6 km and has up to 700 m of downthrow to the N. Tensional dyke swarms and 

numerous dextral faults (of limited movement) are oriented ENE across the Centre and 

thus replicate on a small scale tlie overall Gardar pattern. The brittle faulting apparent in 

Motzfeldt is remarkably similar to that predicted by experimental studies in clay (Cloos, 

1955; Badgley, 1965; Wilcox et. al., 1973). The lineaments seen can be shown to be in 

response to simple parallel sinistral shear (Stephenson, 1976a). 

10.5 Geological summary and chronology 

The evolutionary sequence of the Motzfeldt Centre proposed here is listed on Table 

10.5.1 and schematically shown in Figs 10.5.2 and 10.5.3. In this simplified reconstruc

tion, topographic effects on the plan view unit outlines have been ignored. Many ques

tions obviously remain however, particularly in the complex and poorly understood SW 

regions. 

The Motzfeldt Centre commenced with the emplacement of the Geologfjeld Forma

tion. This first, satellitic igneous phase comprises three poorly centralised, overlapping 

intrusions of syenite {sensu stricto) pulaskite and nepheline syenite (Fig 10.5.2a) 

The GF-Pulaskite (Fig 10.5.2a; 2) and GF-Nepheline syenite (Fig 10.5.2a; 3) are 

the NE-Motzfeldt Satellite syenites NM1 and NM2 of Emeleus and Harry (1970). From 

these, the previously undescribed GF-Geologfjeld syenite (Bradshaw & Thkiainen, 1983) 

has been geographically separated by the later intrusion of the 'centralised' main igneous 

phase known as the Motzfeldt Ring Series (Fig 10.5.2b ). 
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Motzfeidt Chronology Table ].0.5.]_ 

Proposed intrusive evolutionary sequence of the Motzfeldt Centre. 

Classification 

Larvikite ring-dyke 

FDF-Nepheline syenite Alka~ine 

FDF-Foyaite (central) Alkaline 

FDF-Foyaite (transgressive) Alkaline 

FDF?- lujavrite Suite .Peralk aline 

FDF-Porphyritic nepheline syenite Alkaline 

Poikilitic arfvedsonite microsyenite Peralkaline 

Laminated porphyritic syenite Alk/Peraik 

Laminated alkali syenite Alkaline 

~ 
MSF-Peralkaline microsyenite Suite Peralkaline 

Motzfeldt Sfl) Formation Alk/Peralk a 

GF-Nepheline syenite Alkaline 

GF-Pulaskite Hypo alkaline 

GF-Geologfjeld syenite Hypoalkaline 

Shared numbers ie, a & b indicate close genetic links and semi-contemporaneous intrusion. 

Nos 5 and 6 could possibly be younger than the Flinks Dal Formation. 



The GF-Geologfjeld syenite (Fig 10.5.2a; 1) and GF-Pulaskite are very similar both 

chemically and petrographically. They are either, separate intrusions from the same 

magma source or different facies of the same intrusive episode (Bradshaw & Tukiainen, 

1983). The GF-Nepheline syenite intrudes and 'cores' out the GF-Pulaskite to which 

it is probably related through protracted, feldspar-dominated fractionation. In the Ge-

ologfjeld Formation therefore, the evolutionary trend is for increasing undersaturation 

and peralkalinity with time. 

~ 

The main igneous phase, the Motzfeldt lling Series (SM1 to SM5 of Emeleus & Harry, 

1970), which followed the Geologfjeld Formation, is further divided into two distinct 

episodes of the magmatic activity known as the Motzfeldt S0 (Fig 10.5.2b; 4a & 4b) 

and Flinks Dal Formations (Fig 10.5.3a). Together these comprise at least four separate 

overlapping intrusions which roughly follow a common focus, younging inwards in the 

typical nested-pluton form. The Motzfeldt S0 Formation is divided into three roughly 

concentric petrographically distinct members, namely; MSF-Marginal arfvedsonite syen-

ite; MSF-Altered syenite; and the innermost MSF-Nepheline syenite. The Formation is 

some 18 km in diameter and is the largest and outermost intrusion of the Motzfeldt lling 

Series. The outer members of the unit host extensive Nb-Ta-Zr-U-Th-LREE minerali-

sation with pyrochlore the most important economic phase. Although the Formation is 

divided, the members appear to belong to a single major intrusion and are the products 

of both in situ magmatic differentiation and country rock interaction. The Formation 

was rich in volatiles and hosts many pegmatite segregations and sheets many of which 

extend into the country rock (SE Motzfeldt) and the older, adjacent GF-Geologfjeld syen

ite (NE Motzfeld t ). '!hese sheets are known collectively as the Peralkaline Microsyenite 

Suite (Fig 10.5.2b; 4}> ). 

It is still unclear whether the Motzfeldt S0 Formation was either primarily extremely 

enriched in incompatible elements (see section 8.2) ; or has hidden incompatible element 

depleted zones at depth; or has derived the 'extra' concentrations from the assimilation 

of the country rock? Whatever the cause, the syenites of the Motzfeldt S0 Formation 
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provide a resource of economic potential in rare elements, particularly Nb & Ta, and 

have clearly been largely modified in geochemistry and composition by the interaction 

with country rock. 

The Flinks Dal Formation occupies the central core of the Ring Series with an outer 

diameter of approximately 9 km. The three members; PDF-Porphyritic nepheline syen

ite, (Fig 10.5.3a; 7a) FDF-Foyaite (Central type and Transgressive type) (Fig 10.5.3a; 

8a & Bb ); and FDF-Nepheline syenite (Fig 10.5.3a; 9a) are all predominantly phonolitic 

in composition and contain mineralogical and chemical features typical of khibinitic (in

termediate) or alkaline nepheline syenites (see Table 3.3.3). They clearly differ from the 

members of the Motzfeldt S0 Formation however, being fresh, having often, well devel

oped cumulate structures, chilled margins and poorly developed pegmatite segragations 

and little or no mineralisation. 

It is feasible that the PDF-Porphyritic nepheline syenite represents the 'chilled' outer

shell or crust of a single major intrusion within which the cumulate pile of FDF-Foyaite 

(central type) developed. The FDF-Foyaite (transgressive type) could be a discordant 

extension from this magma which pierced the crust and intruded into the older MSF

N epheline syenite. The last major intrusive unit of the Flinks Dal Formation (and 

Motzfeldt) the FDF-Nepheline syenite is slightly less evolved and commonly contains 

relict Ca-rich (relatively) feldspar (xeno?)crystals. In addition, probably the last actual 

intrusive unit of the Motzfeldt Centre, the larvikite (SM5*) is considered to be closely 

related to this intrusion (Jones, 1980). It would appear therefore that while the members 

of the Flinks Dal Formation are all essentially phonolitic in composition, the last intru

sive units display a link between less evolved and possibly parental lithologies during the 

waning stages of the Motzfeldt igneous episode. 

The complex roof-zone of SW Motzfeldt contains peralkaline lujavrites (Jones, 1980) 

and microsyenites which are thought to be projections from the Flinks Dal Formation. 

Therefore the two major sheet intrusive sequences; The Peralkaline microsyenite ~uite 

(NE & SE Motzfeldt ); and the Lujavrite Suite (SW Motzfeldt) are contemporaneous 
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with the intrusions of the Motzfeldt S0 and Flinks Dal Formations respectively. Three 

important minor intrusions representing the Hypabyssal Series (this work), cut the Cen

tre and include; the Laminated alkali syenite (Fig 10.5.2c 5 ); the Laminated porphyritic 

syenite (Fig 10.5.2c; 8a) and the Poikilitic arfvedsonite microsyenite (Fig 10.5.2c; 8b) 

The first is restricted to NE Motzfeldt the second to NE & SE Motzfeldt and the third to 

SE Motzfeldt. They were intruded in that order and are all at least younger than the Ge

ologfjeld and Motzfeldt S0 Formations. They are geographlcally separate from the units 

of the Flinks Dal Formation and therefore the age relationship between the two groups 

is unknown. However, because the Hypabyssal units tend toward oversaturation, peral

kalinity and occasionally show evidence of country rock interaction they are considered 

here to precede the undersaturated magmas of the Flinks Dal Formation. 
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Uranium explorat_ion "in South Greenland 

Ashlyn Armouralllrown, 'Jrapani 1f"an&n2inen, !Bjarne Wallin, Colin Bradshaw end 
C. lHlenll)' lEmeleus · 

Following the promising reconnaissance results in 1979 and the finding of uranium and 
niobium mineralisation in 1980 (Annour-Brown et al., 1981 ), the Syduran project was 
extended under the Ministry of Energy's Research Programmes of 1981 and J 982 which 
has allowed one fun her field season for following up some of the more promising anomalies 
and uranium mineral occurrences. · 

The main objectives of this season's work was firstly to initiate the detailed mapping of the 
U-Nb mineralised zones and the geology of the Motzfeldt Centre and secondly to locate the 
source of as many geochemical and gamma-spectrometer anomalies as possible \vhich occur 
in the Granite Zone and Migmatite Complex of South Greenland (fig. 2 I), at the same time 
us evaluating the appropriate exploration tec~niques in the different environments. 

Motz.feldt Centre 

The geological mapping of the Motzfcldt Centre is heing carried uut in coll01boration with 
Colin Bn11hhaw wh1i is prcp01ring a Ph.D. thesi~ on the petrology of the ccntn: under th..: 

.. 
~··· "'·, 

' ( ,. 

6 ,. 

oo· 

0 00 100 b.m 

40' .,. ••• 



0 

Q 
D 
D 
D 
~ 
~ 

Juhonoh6b Cranieo 

lhU\DIJord formation --

1 

.. . 

69 

Sronito I moinlr SM I ond SM 3 oronito of .(· SE ~RLDT . 1 '!Jf;~;' : ,.; ~:. :-
[molouo ond Harrr. 1970) , .... h.;#/. -.;--• ..... • 

Microo~onito L ,· . •: • • • · • • ~ , : ~ • :;..• ~ 
•' ..• ·.·.·.•.·.·.•.•.•.·.•.· .. : .... r 

Soquonco of mic;;rooronilo ohoot inN£ Mottfoldl .• •. •. •. • __ ....,__._ -=-::...-'.:.~. • .. • •. ~ _· 
~ •••. • l .. -

Microo,.enilo ohootu • • .. ~ •: • • • =~. . 
fault 

..... . . .. . . · .. -'' .#.--- 0 ~bm 

Fig. 22. (j~ologi•·;ol ,h·tch map and lnc;ttiu"' in the Mutzfcldt Centre. 

~up~rvi~ion of H~nry Emcleu~ :11 the University of Durham. The U-Nh minerali"11inn wa~ 
mapped hy Tapani Tukiainen u~ing the helicopter-horne gamma-~pcctromcter equipment 
dc\'cloped :11 Ri~" National Laboratory !>upplemented hy ground ~am piing and ohl>cn·ations. 
New, cKcellent I :50 000 aerial photographs and I: 10000 contoured orthophoto map~ pro
\'iJcd a good basi' for collating this data. 

The Motzfeldt Centre is one of four alkaline igneous centres belonging to the lgaliko 
nepheline l>ycnitc complex (Emclcu~ & Harry, 1970). The intru,ion' within the centre ~how 
a range of compo~itions from syenogabbro to lujavrite (June~. IIJ!i I) and host considerable 
r;tdioactive occurrences (Tukiainen, 1981 ). 

Most of the previously established syenite units and their age relationships have been 
confirmed and the original syenite terminology of Emeleus & Harry ( 19711) and Jones 
( 191'> I) is retained. Some import<~nt observations are outlined below. 

Scmth-et/Jf Motzfeldt. lA south-cast Motzfcldt (fig. 22) the syenite SM 3 occurs not in one 
solid arcuate hand (Emelcus ."· Harry, 1970, plate IV), hut as a numher of narrow. indi
,·iuual, near vertical intrusion' with a range of width~ of approximately 4 to 20m which cuts 
the syenite units SM I and SM 2. Thi' belt of the SM 3 syenite follows approximately the SM 
I-SM 2 contact. The individual mcmhers of this unit ;ue petrographically very simil<~r and 
prohahly emerge from a common source at some shallow depth. Most of the expmcd ground 
in the eastern part of south-cast Motzfc:ldt is compo~ed of a suite of pcralkillinc microsycnitc 
'heels sandwiched hctwcen medium grained syenite which resembles SM 1. Thc'e sheet!>, 
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which are up to at least 200 m thick, also extend far into ihe basement granite where they 
thin out. !Evidence of roof coll2pse was obtained near a he eastern margin of ahe centre where 
narge rafts (from 5 to 20 m thick) of Gardar supracrustal rock composed of agglomerate, 
tuff and sandstone are seen enclosed by ihe microsyenite. The microsyenite probably welled 
up and filled the cavity left by the ioundered crust. The presence of rafts confirms the 
previous existence of Gardar supracrustal rocks over this part of the centre. 

East and north-east Motzfeldt. 'lrhe broad belt of SM 3 syenite in east and north-east 
Motzfeldt (Emeleus & Harry, 1970, Plate !V) is composed of a complex suite of syenites. 
Although characterised by a well developed feldspar lamination t.he rocks vary in grain size 
and tellture. The SM 1 syenite, similarly, is remarkably variable in texture and· composition 
containing some mappable units in east Motzfeldt. The SM 3 and SM 1 syenite units are 
truncated by a suite of peralkaline microsyenite sheets which are most abundant in 
north-east Motzfeldt ranging from 1 to 10 m in thickness. Within the unit as a whole the 
frequency of the sheets increases upwards until they make up over 80% of the bulk and 
comprise a thickness of greater than 400 m. Hn east Motzfeldt they are subhorizontal but in 
north-east Motzfeldt they strike approximately E-W and dip 25 to 45• north. The roof zone 
of the intrusion is expo~ed in north-east Motzfeldt where the Julianehab Granite overlies a 
homogeneous leucocratic syenite (SM l ?). The planar syenite-granite contact dips approxi
mately 30• to the north. 

Faulting and iu· eff!'ct on th!' distribution of litl(ulogy. The Motzfcldt Centre i~ dis!.ccted by 
two sets of vertical or steeply dipping faults, one striking NE-SW and another one approxi
mately E-W. The most dramatic dislocation~. both vertically and laterally. took place along 
the E-W striking sinistral fault~. The lateral displacement along the Flinks Dal fault is 
estimated to be 6 km. The m<~gnitudc of the vertical movements is not known but on the 
basis of the lithological char;tcteristics, lack of roof rocks and steep external contact~, east 
Motzfeldt is probably an upthrown block. 

Airborne gami11U-';pectrometric sun·ey all{/ rudioactil'e mineralillllion. The helicopter
borne gamma-spectrometer survey compri~ed some 900 km of contour flying with an aver
age speed of 30 knots and a terrain clearance of 30 m. The radiometrically and geologically 
complex eastern and northern part of the centre were flown with 100 m contour intervals 
whereils the rest of the centre, including the adjacent basement, were flown with 200 m 
contour intervals. 

The radiometric survey outlined several extensive zones of highly radioactive alkaline 
rocks with maximum values of 150 ppm eU and 400 ppm eTh. These radioactive anomalous 
zones are underlain by the microsyenite ·suite and the texturally and mineralogically 
hctcrogcneous medium-grained syenite, rriost of which is tentatively classified as belonging 
to the SM I syenite unit. The reddish brown colour due to hemalite is a diagnostic feature of 
all the radioactivc rocks. 

A preliminary evaluation of the airborne radiometric result~ indicates that the enrichment 
of the radioactive elements increases upwards because the radioacti\'ity is highest in 
south-cast and north-east Motzfeldt. Thi~ suggests that the radioactive elements migrated 
upward~ and were trapped hy the roof zone of the intrusion. Thi~ is well demonstrated by the 
follow-up on a minor anomalou~ zone with a maximum of 65 ppm eU and (l(J ppm eTh south 
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of Geologfjeld in north-east Motzfeldt. The anomaly here is caused by uranium enrichment 
at Khe very top of the microsycnite sequence. The gamma-spectrometer assays of the sam
ples from this 10 ao 15m wide, 2 ltm long zone, !range from 250 to !200 ppm eU and 70 to 
400 ppm Th. 

The size of these areas of high radioactivity indicates that the possibility of finding zones of 
uranium enrichment with economic potential is good. !n addition, llliobium, tantalum and 
rare earth elements are ltnown to be associated with this uranium in quantities sufficient to 
warrant further ellploration (Tultiainen, 1981). 

Molybdenite was also found associated with microsyenite veins, in a loose block of Jam
prophyre (c. 100 x 150 x 80 em in size) in south-east Motzfeldt. Whether this molybdenum 
enrichment has any economic interest remains to be investigated. 

Uranium occurrences in the Migmatite Complex 

Uranium occurrences in the Kap Farve/- Lindenows Fjord region. The most interesting 
find of the summer was at locality N (figs 21, 23) in the Kap Farve)- Lindenows fjord 
region where there are some particularly high gamma-spectrometer anomalies in the recon
naissance work from 1979. A sizeable uranium mineral occurrence of over 125m in length 
and width from 1 to 5 m was discovered in meta-arkose rafts and xenoliths in rapakivi 
granite. The radioactivity does not extend beyond the xenoliths and there does not seem to 
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Fig. 23. Sketch map illu~trating the geology and extent of the radiqacti\·ity of the uranium occurrence 
(Joe. N, fig. 21) in the Migmatite Complex. 
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be any relation between the uranium and the surrounding granite (fag. 23). Grab samples 
vary from 2.8% to 1.0% U and, judging from the radioactivity, mineable thicknesses of over 
1 m may grade from 0.3% to 1.0%. The thorium content of these mineral occurrences is 
very low and is comparable with that of the uraniferous neosome discovered in the Taser
miut area (Nielsen & Tukiainen, 1981), and similar conclusions can be drawn that the 
uranium is syn-sedimentary on the premise ahat U-Th partitioning only takes place below 
the temperature of 300°C. 

'fhe implications of this finding are that the supracrustal units throughout the Migmatite 
Complex, especially where there are radiometric or geochemical anomalies, are favourable 
for uranium mineralisation and should be prospected in detail. The area is large and the 
chances of finding other equally promising showings, are good. Very high radioactivity 
readings have already been recorded from a cliff face at locality M (fig. 21) but it was 
impossible to land with a helicopter to take samples. 

This uranium was discovered using helicopter-borne scintillometric equipment. The good 
exposure in the mountainous terrain and the fact that the supracrustal units tend to overly 
the granite and therefore occur at high altitudes, favour this method of exploration. 

Uranium occurrences in the Granite Zone 

Pro~pecting for veins and other uranium mineral occurrence~ was concentrated in areas 
not already followed up in 19!:i0, in particular the nunataks north of Bredefjord. Johan Dahl 
Land. ;~nd the Vatnavcrfi peninsula hy ground scintillometry. stream-water and 
~tn.:am-~cdimcnt ~ampling. In addition detailed pro~pecting at Pui~~atay on thl' lgaliko 
peninsula (fig~. 21. 24. Joe. F) revealed three ~mall pitchhlende vein~. Detailed mcwping w;~s 
c<~rried out there to evaluate these showing~ and to determine the usefulne~~ of elec
tromagnetic geophysical methods for locating huricd uraniferou~ ~tructure~ (Nyegaard & 
Thnrning. thi~ report). 

Unmium uccwn·nce.1· in the 1/lllltlltd.:.J nortlr of llrt'dt'jjortl u11tl in Johan Duhl Lund. There 
were a numhcr 1of extremely intcrc~ting.high ur;mium \'aluc~ fmm the gamma-~p..:ctrometer 
re~ulb, a~ well ;~s the geochemical data over the nunataks north of Bn:defjord and in Joh;.m 
Di.lhl Land. At one of the~e anomalies (fig~. 21. 24, Joe. A) numerou~ uraniferous gneis~ 
lloulders and block~ associ<~ted with met;~- rhyolite and meta-arenite were found. The grade 
of sample~ of these uraniferous boulders, some of which contained visible pitchblende and 
secondary uranium minerals, range from 1-JO% U. Unfortunately early snow made it 
impo~sihlc to map their exact source but, since they were widely distributed below a steep 
cliff face of the same rock types, they presumably <~re derived from there. In Joh;~n Dahl 
Land (fig~. 21, 24,loc. B) uraniferous meta-arenite was found associated with meta-rhyolite. 
The ur ... nium is relatively low grade ( 100 ppm) hut W<l~ in a di~~emin;Hed mincri.ll in the host 
ruck a~~ociated with iron oxide, and not in a \'cin. Both these showings, like tho~c in the 
Migmatitc Comple,.,, lack associated thorium which would be expected if they were deri\'ed 
from gr;~nitic or metamorphic processes. 

There st:cms every reason, therefore, to belic\'t' that thc~c uri.lnium occurrences are of 
~yn-sedimcntary origin, and that they were alre! dy pH?,cnt in the overlying supracrustal 
unih hdorc their metamorphism and intru~ion hy the granite. The~c findinp arc the first 
indications that uranium occurred in the rock~ of the Gri.lnite Zone prior to thr Gardar and 
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g.i\'e~ ~upport to the hypothe~is that unmium may have heen redistributed hy the hydrothcr
m;ll activity related to Gardar mugmatie events and deposited in the \'ein~. 

I 
Uranium occurrences on 1he l'umun•rfi penimu/a. Considcrahlc efforts were spenl on 

exploring thl' Vatnawrfi peninsula this season (fig. 2 I). This wa~ based firstly on the 
hypothesis that the high mobility of uranium would favour its deposition further from the 
heat sources (i.e. the Gardar alkaline intrusions) for the hydrothermal activity, secondly 
hecausc of the high geochemical anomalies in both the stream waters and the stream sedi
ments and the structural conditioning which is similar to the re~t of the Granite Zone. 
However, explorution is hampered in this area by the lack of outcrop due to vegetation 
cov~:rcd overburden which is particularly thick along the lineament~ which would be ex
pected to host mineral occurrences. 

The result~ of prospecting with ~cintillometers show that there arc numerous radioactive 
mineral occurrences in this urea most of which ure uranium dominated and associated with 
the faults und frilcturc~. SOI-ue 45 localities were found which had over 100 ppin U in 
anomalous radioactive rock samples. Some of these have been shown on the accompanying 
map (fig. 24 ). Thl' three most interel>ting showing~ (fig. 24, Joe. G, H, I) contain minor 
<~mount~ of pitchhl~ndc. Radioactivity Hlong the ENE-trending structure (G) can he traced 
fm almost 3 km with valul'S up to HOO ppm U at some localities and must be considered a 
\'cry good prospcc1. The radioacti\'c showings (H) trend in. anE-W direction and tend to be 
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associated with small fractures ~ather than in the main lineament. The radioactive showings 
(I) also occur in the minor fractures along the main lineament rather than the lineament 
itself. Another interesting feature of the radioactive showing~ along thi~ structure is that the 
U/Th ratios are very erratic and some samples are dominated completely by Th. This suggests 
that the assumption that the mineralising fluids were relatively cool in this area may be a 
little simple. These mineral showings are dominated by siliceous and hematitic material 
along with quartz and carbonate veining with minor amounts of fluorite and di!>seminated 
sulphides similar to those found elsewhere in the Granite Zone. 

Conclusions 

The main conclusions that can be drawn from thc!>e results are that South Greenland i~ 
definitely a part of a uranium geochemical province and that the potential for lccating 
economically mineable uranium deposits is very high. 

The increase in hoth the- number and size of the anomalies in the Motzfeldt Cen.tre 
confirms the already stated mineral potential there. The detailed geological mapping and 
gamma-spectrometer ~urvey will also prove to be very interesting from the purely geological 
point of view. 

The syn-sedimentary uranium occurrence~ found in the Migmatite Complex demon~trates 
that all the supracru~tal units in the ••rea could he pro,pected for uranium p;~nicularly thme 
zone~ containin!! anomalie' from the reconnais~ance dat;1. The ~izc ;md grade of the fir~l 
occurrence to ha'e been found certainly indica.tc that this ;~rca de-,cn·c., to bc on a highn 
priority than it ha' been given so far. They ;1re po,.,ihly more important I han the uranium 
,·ein~ found in the Granite Zone. 

Uranium ~howing' in the Granite Zone continut· 10 he found <.~lthou)!h the !>urface expre~
!>ion of the \ein' still tend~ to he limited in ~ize. The finding of prohahle syn-~ed1mcnt<try 
uranium showing' in the pre-Julianchah Granite .,upracrustal unit~ not only .,ugge.,h new 
targets for min,·ral exploration in the zone, hut al.,o .,upporh the hypothc'i' that there wa' 
uranium in1 th,· area prior to (i;•rdar magmatic acti\ it~. At J.:;"t .,ome. if not all. of the 
uranium which i' found in the vein,, therefore. may ha,·e he~·n Jeri' cJ from thi' ,ource ;mJ 
'imply heen rcdi,trihuted hy the hydrotht:rmal acti,·it~ rcl<ltcJ to the Gardar e\ en b. 

The exploration method~ to he used should depend on the environment and t<Hget. 
The expmur~· in the Motzfcldt Centre is for the most part so good that mapping. sampling 

und ground gamma-spectrometric surveys urc still the mo't effective: me;~n~ of e\·;,)uation. 
Thc~e could pr<lhahly be usefully supplemented hy geophy.,ical (VLF and magnetometer) 
Mlrveys in prda to elucidate the structure and localt' po~.,ihle .,ulphide occurrenc~' prior to 
;my drilling. 

In the Migmatite Complex where the outcrop i~ J!OoJ. relief is extreme, access i~ poor ;~nd 
the .,howinp arc in the supr;icru .. tals which tcn! 1 to outcrop <~I high altitude~. Detailed 
!:!amma-spt·ctrnmcter flying with il hdicoptcr Wlllllll·h~· the mo't effective way of locating the 
m·rurrence~. Th~· 'am~.: method could he u .. cd in the well expo.,eJ nunataks ilnd ill high 
alli1udt" in the (iranite Zone where lht• syn-.,edimt•ntary .,)lOwing' appe<.~r to he preferen
tially located. 

The uranium '~·ins in thefaults apd fractures, which cannot he detected hy gamma-spec
lr\lmctt•r from tht' ;1ir hccau.,e they ilre U!>Ually covereJ hy on:rhurJ~·n. should he explored in 
the firsl place h~ a .,tructural an;!lysis using all av<~ilahk imagery. Thi, ~hould he foll,1wcd up 
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by a detailed water sampling programme to locate the uraniferous structures prior to 

ground geophysical methods and prospecting with ground scintillnmetcrs. 
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Geophysical and geological field work on fault structures at the 
Igaliko peninsula, South Greenland 

Uranium exploriltinn carried out in South Greenland by the S~duran pwject in th\.' last 

few years (A~mour-Brown t'/ ul., 11)1'11) has indicated that certain major E-W fault struc
tures arc features worthy of atlcntion in this connection. I;>uring August IIJS::! geological and 
geophysical field work was carried out 10 km south-south-cast of lgaliko (fig. 25) around a 
fault zone which had earlier given indications of the presence of uranium mineral 

occurrences. 
The object of the geological work was to map the surface within the geophysical grid and · 

to make a gil:nma-radiation survey of the area. Pitchblende vein~. found in connection with 

geochemical prospecting, were traced by trenching and were sampled. 
· The object of the geophysical work was firstly to evaluate the u~efulness of variou~ 

electromagnetic methods for locating and mapping the structure~ in the JulianchAb granite 
which contain uranium minerals und secondly to evaluate tht: extent of the known uranium 

mineral occurrences. Logistic support was supplied by the Syduran project base camp at 

Dyrnes. 

GeoloJ.:y 

The area in\'e~tigated i~ underlain hy the Ketilidian Julianchah granite (I 1-i 1 U-1770 m.y.; 

Van Brccmcn ct u/., 1974). Durin!'· the Garditr period ( t:B0-11 SO m.y.; Emeleus & Upton, 

I 4-2. 
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New extensive Th-U-Zr-Nb-REE mineralisation in the Motzfeldt Centre 
of the lgaliko Complex, South Greenland, as outlined by an airborne 
gamma-spectrometric survey · 

Tapani Tukiainen, Colin Bradshaw, Christen Carle and Bjarne Lund Olesen 

A B S T R A C T 

The Motzfeldt Centre (1310 ~/- 31 m.y.} is one of the major alkaline 
intrusive complexes in the Gardar province of alkaline igneous activity. 
The Motzfeldt Centre is made up of at least 6 intrusions of syenite ~ith 
a ~ide range of textural and compositional characteristics grouped as 
t~o main igneous phases. The syenites were emplaced in the Proterozoic 
Julianehab Granite and the unconformably overlying Gardar supracrustal rocks. 

Nepheline and sodalite syenites of the early igneous phase occur as 
isolated bodies which are highly truncated by the syenite units of the 
main igneous phase - the Motzfeldt Ring Series. The Ring Series constitutes 
at least three steep sided, out~ard dipping ring dyke intrusions of · 
syenite and nepheline syenite younging in~ards. The outermost syenite unit 
contains a suite of peralkaline microsyenite sheets, which are most abundant 
at the highest levels of the Ring Seri~s. The apparent intrusion mechanism 
was a combination of ring fracture and block ~ubsidence. 

The systematic hehcopterborne gamma-spectrometric survey outlined an 
extensive Th-U-Zr-Nb-R&E mineralisation in the outermost syenite unit of the 
Motzfeldt Ring Series where both the mineralisation and associated hydro
thermal alteration increase in intensity towards the apical part of the 
syenite unit being strongest where the roof zone of the Motzfeldt Ring 
Series is preserved. The mineralisation is essentially due to the formation 
of zircon minerals and pyrochlore. The present evidence suggests that the 
mineralisation and the alteration ~as effected by an upwards w:grating 
volatile fluid phase rich in alkalis, fluorine and incompatibl~ elements. 

The data from the airborne gamma-spectrometric survey are interpolated 
to a regular grid and presented in a 3-dimensional digital terrain model in 
order to enhance and differentiate the radiometric response from the syenite 
units. 
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GeologicCJI and radiometric mapping of the Motzfeldt Centre of 
the Igaliko Complex, South Greenland 

Tapani Thkiainen, Colin !Bradshaw and C. Henry lEmeleus 

The geological and radiometric mapping of the Motzfcldt Centre was commenced in 1982 
as p;trt of the extended Syduran project under the Ministry of Energy's Research Pro· 
grammes of llJ!il and 19H2 (Armour-Brown ct a/., llJ!B). The purpose of the study was to 
make a detailed geological and radiometric map of the centre with a view to provide a 
reli;1hlc reference framework for the evaluation of the economic mineral potential of the 
centre where an extensive Th-U-Zr-Nb-REE mineralisation was discoven:ll by the recon
naissance surveys of the Syduran projecl, which was parlly financed hy the European 
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!Economic Communities during' the period 1st Dec. 1979- 1st Dec. 1980 under article 70 
(Armour-Brown et a/., 1982, 1983). Apart from a short visit by Agnetc Steenfelt, who 
carried out a detailed rocl\-sampling programme of a section in the north-east part of the 
centre, no field work was done during the 1983 season. The geological mapping of the centre 
is planned to be finished during the 1984 season. The airborne gamma-spectrometric and 
field mapping data of the 1982 season have been processed and compiled, so we are able to 
summarise the most important results. 

Geology 

The Motzfeldt area with steep-sided glacially dissected valleys provides a virtually three
dimen~ional, c. 1500 m high vertical exposure across a major multiphase, high-level alkaline 
intrusion where an extensive hydrothermal alteration and mineralisation took place in the 
roof zone as a result of the upward migration of a highly mobile volatile phase, rich in 
incompatible elements. 

The revised geology of the Motzfeldt Centre is shown in fig.34 which also gives a new 
rock-unit nomenclature. The new nomenclaiure was developed because of its flexibility in 
allowing previously undescribed syenite units, found during Syduran mapping and in the 
future m;tpping studies, to be included without confusing changes in the 'SM' notation of 
Emcleus & Harry (1970). The new nomenclature ha~ been established on the basis of the 
pn:sent mapping. The extension of the syenite formation~ to the southern and western pans 
of the centre arc ~till tentative as they are bascd'on the a\·ailable fragmentary field evidence 
and n:~ults of the gamma-!>pectromctric survey. 

The Mutzkldt Centre developed through two major phases of igneous activity. The 
~yenite units of the early igneous phase, the Gcologfjcld Formation, originally comprised a 
numher of s~·parate syenite stocks which arc now trum:ated by the sycnitc units of the main 
igncous phase. thl' Motzfeldt Ring Series. Thc widc extent of thc GeologfjehJ Formation 
sy~·nit•· in tlw nnrth-e'ast part ~f the ce~n.: indicall!~ th;tt at least some of these early syenitc 
hodi.·s may have hcen considcrablc. 

Th~· Motzfc:ldt Ring Serics is made up of wnccntril' stccp-sidcd intrusinn~ whose marginal 
~:ontacb dip outward~. The syenite intrusions young inward~. Thc ohvious intrusion mcch<~
ni~m. as already proposed by Emeleus & Harry (1970). wa~ the successive emplacement of 
sycnitc guided by a combination of ring fractures and block subsidence. 

The main igneous phase commenced with the emplaccmcnt of the Motzfeldt S0 Forma
tion which now occupies the outer zone of the Motzfcldt Ring Series. This formation is 
divided into three concentric units, namely: the outermost marginal arfvedsonitc syenite, 
heterogeneous altered nepheline syenite and the innermost fresh nepheline syenite. The 
Motzfeldt S0 Formation hosts extensive radioactive mineralisation and the metasomatic 
alteration descrihed he low. The boundary of the alteration is in places conspicuously sharp, 
but no cvidencc of the; syenite units as separate intrusions was found. It appears more 
probable, therefore, that the M01zfeldt S0 Formation is a single major intrusiof! whose 
m:trgins were extensively moJified by late magmatic pruccsses resulting in the altered 
nepheline syenite unit. 

The Flinks Dal Formation is made up of at least three separate intrusions, emplaced in the 
following order: porphyritic nepheline microsycnite, foyaik and a coarse-grained nepheline 
sycnite. The foyaitc occur~ as a number of narrow, nl·ar vcrtical shcet-like intrusions with a 
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range of widths from ahout I to 20m. cutting hoth the Motzfcldt S~ Formation nepheline 
syenite and the Flinks Dal Formation porphyritic nepheline minosyenitc. Thl' relative age 

of the warse-grained nepheline syenite and foyaite remains uncertain hccausc of the lack of 
definite field evidence. 
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Fig. J:'i. Thurium airborne radiometric map of the Motzfcldt Centre. The grid ~izc i~ JUUx301) m, the 
·;,vcragc of the mca~urcmcnts in each gri~ is shown. 

The syenite units of the late sheeted intrusions arc both mincn•logically and texturally 
highly varia hie. and thtir relations with each other and the syenite formations. of the 
Motzfcldt Ring Series are not understood. They are, however, definitely younger than the 
Motzfeldt S~ Formation. There is some field evidence to suggest that at least the peralkaline 
microsyenite suite could be genetically related to the Motzfeldt Sl' Formation because (a) 
tht• pl·ralkalint• mi,·rosycnite sheets were not found to intrudc the Flinks Dal. Formation, (b) 
the microsycnih: ~heels arc almost exdusivc_ly found within the Motzfcldt S0 Formation 
increasing in width and number upward~ in &•;is formation. and (c) hoth the Motzfeldt S0 
Formation and pcralkalinc microsycnitc arc enriched in the incompatible clements. 

The syenite units of the centre were affected by two major sets of vertical or nearly 
vertical faults. one striking NE-SW (older), and another E-W (younger). The most dra
matic dislocation~ in the centre took place along the E-W striking faults. The most spectacu
lar of these f;IUlts. the flinks Dal fault, traverses the whole Motzfeldt Centre with a 
horizontal sinistral component of about 6 km. The E-W striking faults also have a distinct 
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vertical component; the biggest observed vertical displacement along one of these faults is 

UlO m. 

Distribution of uranium and thorium 

The airborne gamma-spectrometric survey has outlined the clttent of the radioactive 
mineralisation, showing that it is intimately associated with the rock units of the Motzfeldt 
S!ll Formation and the late sheeted intrusions within it (fig. 35). The overall picture of K, eU 
and Th distribution on the airborne radiometric maps of the centre is essentially similar. 

The Motzfeldt S0 Formation together with the peralkaline microsyenite suite has the 
highest content of eU and Thin the Motzfeldt Centre (fig. 35). It contains numerous zones 
of very high eU and Th. The areas with 9 ppm eU and 15 ppm Th coincide well with the 
mapped outlines of the Motzfeldt S0 Formation. 

The ground underlain by the Flinks Dal and Geologfjeld Formations has a relatively low 
level of eU and Th without prominent anomalies. Distinct aerial variations do occur but 
whether these reflect lithological variations is not known. 

The Eriksfjord Formation is characterised by a low and relatively uniform content of eU 
and Th. Even in the areas where this formation caps the radioactive Motzfeldt S0 Formation 
it appears to have remained virtually unaffected by the radioactive mineralisation. 

The: p<lllerns of distribution of the radioactive element in the basement granite have no 
olwiou~ correlation with the distrihution of the various rock types as indicated on the 
I: WO 000 scale geological map (AIIaart. 1970). lhere arc two areas. one south-west of the 
centre and another at Geologfjcld. which have a strikingly high hackground content of 
radioaet ive clements. 

Th-U-Zr-Nb-R EE mineralisation 

The metasomatic alteration and mineralisation arc spatially related and increase in inten
sity towards the uppermost parts of the Motzfeldt S1~ Formation, h..:ing mmt int..:ns..: where 
the roof zone of the intrusion is pre!>erved. The alteration is es!>..:ntially due to th..: breakdown 
of mafic mint:rals and the formation of iron oxides' .•1d micas and to albitisation. The altered 
rocks arc also notahly enriched in fluorine as manifested by the abu<uJance of fluorite. The 
hulk of the radioactive elements are contained in two groups of mincrab, namely zirconium
bearing minerals and pyrochlore. 

The predominance of thorium over uranium in the Motzfeldt S0 Formation is due to the 
high content of the zirconium minerals with a high thorium content. The study of thin 
sections and preliminary microprobe assays suggest that the zirconium minerals in the 
~tltered rocks bdong to the zircon group, ranging from a typical fresh zircon to probably 
hydrou~ mctamict phases rich in thorium. The fresh rocks of the peralkaline microsyenite 
suit · Jr<' al!.o rich in zirconium due to the abundance of eudialyte. 

Pyro<·hlore is a common accessory in the altered rocks, but locally it is found in consider
able anlllunts occuring as disseminated grains and small veinlets. It is characteristic of the 
pyrochl,)rc in the Motzfeldt Centre that it has a high content of uranium and LREE (Table 
3). Thc analyses of pyrochlorc.:-bearing rocks, especially those from the altered nepheline 
syenite. indicate an interestingly high tantalum content of up to 0.6% Ta (analyst:d by the 
neutron ;Ktivatiun method). 

-
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Table 3. Microprobe analysis (90 points analysed) of pyrochlore grains from the 
altered microsyenite south of Geo/ogfjeld 

Element l'!aan jl ~jl Minll Std. dev. 

t!a20 1.56 7.08 o.oo 2.13 
S102 2.58 9-111 0.13 . 2.77 
CaO 11.71 9.54 0.11 2-37 

'1'102 3·97 5.37 t.ll9 0.87 

Zr02 o.6b 8.48 0.00 0.93 

tlb2~ 118.q3 63.00 32.01 5.92 
Ta2o5 1-79 3.69 0.00 0.52 

Cezo3 6.17 8.56 1.88 1.60 

Lll203 3-96 6.13 0.62 1.21 

Y20 3 0.22 0.32 o.oo 0.20 

Th02 0.2~ 1.02 0.00 0.19 

uo2 6.1;& 8.91 2.95 0.97 

Conclusions 

The Motzfcldt Centre appears to be a classic example of a large multiphase alkaline 
intru~ion where an extensive· hydrothermal alteralion and associated mineralisation, due to 
the upward migration of a highly mobile alkaline volatile phase rich in incompatible 
elements, occurred in the roof zone of the intrusion. 

The extent and intensity of the enrichment of Th, U, Zr, Nb and REE makes the 
Motzfcldt Centre an interesting counterpart to the celebrated llimaussaq Intrusion in the 
Gardar province of South Greenland. The excellent exposure makes the centre a rewarding 
target for both ewnomic, geological. and other scientific studies. 
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The alkaline mcks of the Motzfeldt Cenire; 
progress report on ~he 1984 field season 

The detailed mapping programme in the Motzfeldt Centre that commenced in 1982 with 
the Syduran project (Armour-Brown el al., 1983) continued in collaboration with the GGU 
!Pyrcchlore project in 1984 (Thkiainen, Uhis report). The results obtained during the 1982 
field season enabled the various syenite units of the centre to be grouped (from older to 
younger) into Geologfjeld (GF), Motzfeldt Sill (MSF) and !Flinks Dal (FDF) !Formations (Tu
!<iainen era/., 19H4). The purpose of the work in 1984 was to study the structure and spatial 
distribution of the rock formations in the lesser known western and southern parts of the 
Motzfeldt Centre. The revised map is shownin Tukiainen (this report) and some of the more 
important observations are outlined below. 

The boundary between the Geologfje/d and Motzfeldt S~ Formations 

Tukiainen t'l ul. (1984) proposed that the Geologfjeld syenite is truncated downwards by 
the syenites of the Motzfeldt S0 Formation. In north-east Motzfeldt the boundary relations 
remain prohlcmatical. No clear cross-cutting rela ,'ons were found, but the Gcologfjeld For
mation grades rapidly downwards from a white, coarse, homogeneous nepheline-free sye
nite into pink-hrown fcldspar·laminated syenite with conspicuous nepheline. 

In north-west Motzfeldt the Geologfjeld syenite is of restricted occurrence. A narrow 
wedge ( <400 m wide) is roofed by Julianehiih granite to the north and is clearly truncated by 
syenites of the Motzfeldt So Formation to the south. The MSF/GF contact is well exposed in 
places and is found to he sharp with several pcgmatitic apophyses extending into the Gco· 
logfjciJ syenite. Though the older syenite is stained over a 10 m zone. the characteristic 
white colour of the Gcologfjeld syenite is rapidly encountered away from the contact. This 
suggest~ that the rock was consolidated and therefore essentially impervious to the volatile 
phase that altered and mineralised the syenite of the Motzfclcit S0 Formation (_Tuki:!inen 
eta/. l'J!\4). 

Motzfeldt S~ Formation 

The revised distribution of syenites of this formation in western and south-western Motz
feldt Centre (fig. 19) accords well with that indicated by radiometric data (Tukiainen eta/., 
l'J!-i4). Of particular note is the position of the MSF/FDF boundary on the north side of the 
Flinks Dal fault, cast-central Motzfeldt, located for the first time this summer. This confirms 
thc c. (1 km sinistral offset along the Flinks Dal Fault (Tukiaincn, this report). 

A new find was a large screen (more than 3UO m wide) of MSF nepheline syenite con
tained within the Flinks Dal Formation syenite which is chilled against the Motzfeldt S0 For
mation syenite. The screen is located in the high ground 3 km NNE from the south·east cor
ncr of Motzfeldt S11. 

Most of the ground in south-central Motzfeldt Centre, adjacent to and south of the Flinks 
Dal fault. is provisionally ascribed to the Motzfeldt Sill Formation, because the field evidence 
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demonstrates that it is made up of a variety of syenites which are older than the IFlink.s Dal 
Formation. It is possible that the syenites here represent the inner facies of the Motzfeldt S0 
Formation, or that they contain partially assimilated material from the Geologfjeld .Forma
tion. The classification of the syenite aypes remains to be solved by geochemical studies. 

FJinks Dal Formation 

!Recent evidence suggests that the foyaite of south-east Motzfeldt Centre is considerably 
more extensive than previously determined (Tukiainen eta/., 1984). The unit comprises a 
wide (1~700 m) arcuate sheet, concave toward the centre of the intrusion and restricted to 
the area south of the flink.s Dal fault (Thk.iainen, this report, fig .. 19).The foyaite taper~ and 
appears to terminate in south-east Motzfeldt. The relationship between this foyaite and the 
foyaitic rock types found in the inner part of the Flink.s Dal Formation porphyritic nepheline 
syenite requires furth-er study. 

The late sheeted intrusions 

Particular interest was attached to a partial ring dyke of laminatedporphyritic syenite (Tu
kiaincn, this report, fig. 19) discovered in ~outh-eastMotzfeldt this season. This unit had 
previously been found only in north-east Motzfeldt and had been tentatively Classified as a 
nepheline-free variety of the Flinks Dal Formation foyaite of south-east Motzfcldt. The ab
sence of nepheline and the abundance of mafic phases were explained by the deeper expo
sure lewb in north-east Motzfeldt. This summer the nepheline-free unit was discovered at 
high ckvation~ in south-cast Motzfeldt. This andJhc field relations a~ now known clearly in· 
dicall' that the unit is unrelated to the flinks Dal Formation foyaitc. 

Conclusion.\· 

The 1984 field season was of particular value in furthering understanding of the complex 
geology of the Motzfeldt Centre. Definite correlations have been established between the 
syenites of the southern part of the centre and those Of the .north-east and souih-east \\;hich 
were mapped earlier. The revised, more symmetrical geology of the centre (cf. Tukiainen, 
this report, fig. 19, and Bradshaw &Tukiainen, 1984, fig. 34) correlated well with radiomet
ric mapping of the area, proving the value oft his technique in alkaline igneous terrains: De
tailed mJpping of the syenite boundaries has confirmed the approximately 6 km sinistral ho· 
risontal movement across the J;links Dalfault. 

It had been hoped to complete the survey of the centre during this season but bad weather 
hindered progress. Overall coverage was consl·qucnlly rcstncted and further field studies 
arc needed. 

Adwt~wlc•l~:•·m•·"t.'- The author thanks NERC. United Kingdom. for financial support and also the: 
member~ uf the (iCIU Pyrochlorc project, 14Jl!4, for their kind co-operation and invaluable field as
sist;ancc _ 
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1.2.1 Project to be undertaken at the Faculty of Art and Design, 

Sunderland Polytechnic 

April, 1985 

Student - Paul Nicholson, 
Model Making Department 2nd year. 

Client - Colin Bradshaw, 

The Project 

Department of Geological Sciences, 
Science Labotatories, 
University of Durham. Tel. 64971 ext. 382. 

The project aim is to construct a full colour three dimensional 
model on a 1:50,000 scale, showing the geological structure and 
topography of the Motzf~ldt Centre, S. Greenland. 

Introduction 

The Motzfeldt Centre is a plutonic alkaline igneous rin~ complex 
which covers an area of approximately 260 sq. km,. The area is bleak 
and mountainous and deeply dissected by major glaciers. The rock types 
that comprise the Centre are generally coarse grained, light coloured 
syenites and nepheline syenites. They have a 'granitic' appearance but 
are deficient in quartz. The Centre is appr~ximatley 1300 million 
years old and represents the deep magma chambers (now consolidated) 
that underlay an area of active volcanism and rifting. 

Brief 

The results of this work will be displayed in the University of 
Durham, Geology Department, and also loaned for display to the 
Greenland Geological Survey (Copenhagen). In addition the model will 
be shown at geological conferences, meetings and in particular at the 
EEC scientific meeting in West Germany this autumn. With this coverage 
we hope the model will help promote further scientific interest in the 
area. 

Method 

The student's task is to construct a 3D topographic and geologic 



-The student has complete control on material and methodology of model 
construction. 

Collaboration with the client will be essential with regard to 
geological interpretation and final topographic detail. 

Supplied Material 

The student will be supplied with the following. 

a) 1:50,000 Scale Geological map with 100 m contours. 

b) 1:50,000 Scale paired steroscopic aerial photographs. 

c) 35mm photographs on more local scale. 

Conclusion 

The completed work will be of great scientific value to the 
University of Durham. The construction should also prove to be a 
valuable exercise for the student as it is an artistically challenging 
project which encompasses both individual creativity and solid 
scientific judgement. 



1.2.2 Project to be undertaken at the Faculty of Art and Design, 

Sunderland Polytechnic 

April 1985 

Student - Joan Nichols, 
Art and Design Department 2nd year 

Client - Colin Bradshaw 

The Project 

Department of Geological Sciences, 
Science Laboratories, 
University of Durham. Tel. 64971 ext. 382. 

The aim of the client is to produce an illustrative guide to the 
geology and field relations of an alkaline igneous ring centre in S. 
Greenland; The Motzfeldt Centre. 

The students project will encompass all the illustration work to 
be subsequently used in the guide. 

Introduction 

The Motzfeldt Centre is a plutonic alkaline igneous ring complex 
which covers an area of approximately 260 sq. km. The area is bleak, 
mountainous and deeply dissected by major glaciers. The rock types 
that comprise the Centre are generally coarse grained, 11ght coloured 
syenites and nepheline syenites. They have-a 'granitic' appearance but 
are deficient in quartz. The Centre is approximately 1300 million 
years old and represents the deep magma chambers (now consolidated-) 
that underlay an area of active volcanism and rifting. 

Brief 

Current 1 y acti-ve research is being undertaken in the Motzfe ld-t 
Centre, with particular regard to its Geological structure (Colin 
Bradshaw) and mineralisation (Greenland Geological Survey). 

The recent exciting discoveries in the area are such that 
continued active research is likely. The completed maps and guide will 
be used to advertise the importance and potential of the Motzfeldt 
Centre at geological meetings and EEC financial conferences. 



Student Work Plan 

Front Cover 

Student is to design a bold and eye catching - though 
scientifically meaningful - front cover which contains the following 
text: 

The Motzfeldt Centre, S. Greenland 

An illustrated geology guide. 

by, 

Colin Bradshaw and Joan Nichols 

To be on front cover (the underlined in bold type) 

Diagram 1 -

Diagram 2 -

Diagram 3 -

Diagram 4 -

Diagram 5 

View ENE of the cliffs of SE Motzfeldt showing with the 
use of careful stipple the various Geological features. 

35mm slide provided. 

View North of the cliffs overlooking Camp 'Osterport'in 
NE. Note as 2. - photo provided. 

View SE of Camp 6 and surrounding mountains. As 2. -
photo provided. 

View west showing east facing cliffs of "Harry's Dal." 
- 35 mm slide provided. 

Panoramic view of NE Motzfeldt as Diagram 2 ~ photo 
provided. 

From 8 rock thin-sections the student is to draw the microscopic 
view (plain light) of a 1.5m 2 area on a 10:1 scale. At least 4 thin
section drawings should be undertaken (more if time permits). 

The drawings should be in black ink and show the various mineral 
types and their textural relations. 



Colour geological map. 

From the rough 1:50,000 geological map of the Motzfeldt Centre 
(provided) the student is to produce a colour map of quality for public 
display. The use of colour and symbols are left to the students 
judgement but must follow scientific guidelines. 

Conclusion 

With the text (client) and illustrations (student) it is hoped 
that subsequently a brochure style guide will be constructed. This 
project requires much collaboration between student and client to 
achieve the best results. 

The topic will involve much interplay between creativity, graphic 
skills and a selling 'marketing' style. Because these disciplines are 
controlled by the scientific constraints the student should find the 
project challenging and rewarding. 

The finished guide will be of much value to the University of 
Durham, Geology Department and to the Greenland Geological Survey (of 
Denmark). · 

Signed 

1 s ---; 
' 



APPENDJIX TWO 

JFJIEJLD JINJFORMATJION 



Table A2.].' 

To Narssaq: To Copenhagen: 

c:c:====::::::c== s;:::=::=:======== 
- JCJrgen Lau Dase manager June lbtho 'il 

= Tapani Tukiainen geologist June 22nd. * 
= Allan Pratt assistant doo * 

Kim Hansen assistant do. * 

= A.Armour=Brmm expedition leader June 25th. * 
- Bjarne Lund Olesen analyst doo * 

- Henry Emeleus geologist June 29th. August 27th. 

Colin Bradshaw geologist do. * 
= Djarne Wallin geologist do. * 
= Per Nyegaard geologist do. * 
= l'oul E.Holm geologist doo (l 

- Jari ~hberg assistant doo ~ 

- Arent Heilmann assistant do. * 
- Eva l~t:Jrringgaard lab technician doo " 
= Jann Larsen cook doo * 
= Ole Vejbak assistant doo * 

Erik M.Christiansen gamma-spec expert July 5th. July 19th 0 

- Stic 'fuinghus technician do. do. 

- O·.re l'lesne r handyman Resident of Narssaq. 

- Lief 1hornint; ~eophyscist Co July 30th 0 * 
- Egon Hansen technician UO• " 

Ingrid Salinas assistant do. * 

* Departure frow Greenland approx mid Sept. 



Institution Name 

GGU J0rgen Lau 

GGU/geophysics Leif Thorning 

Egon Hansen 
Maja Boserup 
Jette Halskov 

GGU/Geochemistry Lotte Melchior Larsen 
Gitte Schwartz 

GGU/Sydex II 
uranium 
exploration 

GG.U I py roch lore 
project 

II 
RIS0/Sydex 

Munch en/ 
pyrochlore 
project 

University of 
Durham 

Ashlyn Armour-Brown 
Per Nyegaard 
Jens P. Nielsen 
Ole Christiansen 
Hans Chr. Olsen 

Tapani Tukiainen 

Torsten F. Bliksted 
Tobias Winther 
Michael Hjort 

Bjarne Wallin 
Paul T. S0rensen 

Giulio Morteani 
Berndt Kronimus 
Peter Moller 
Dietrich Ackermand 

Henry C. Emeleus 
Colin Bradshaw 
Nicholas Pearce 

' ( 1 
& 

Talblie A2.2 

Function 

base leader/radio operator 

geophysicist,leader of 
geophysics and the 
helicopter programme 
technician 
geophysicist 
field assistant 

geologist 
field assistant 

geochemist, leader of Sydex 
geologist 
field assistant 
field assistant 
field assistant 

geologist,leader of pyrochlore 
project 
geologist 
field assistant 
field assistant 

geologist 
technician 

geologist, project leader 
geologist 
chemist 
geologist 

Leader of Durham group 
geologist 
geologist 



2. 3 .• ·1 Field work acc~plished. 

a. SYDURAN 1982 - --
~ 

20 nights at Base Camp (Dyrnes) 
81 days in Green land < 

60 nights in Motzfeldt (10 camp sites) 

31 days (total 1), lost due to bad weather and camp movements 

28 days (total2 ), field work completed in Motzfeldt 

+2 days helicopter reco., based from Dyrnes 

Average 2.8 days (total1 ) field work per camp site. 

b. PYROCHLORE 1984 

9 nights in Narssarssuaq 
64 days in Greenland< 

54 nights in Motzfeldt (9 camp sites) 

26.5 days (total 1), lost due to bad weather and camp movements 

27.5 days (total3 ), field work completed in Motzfeldt 

Average 3 days (total 1) field work per camp site. 

1 includes all 1/2 or part days 
2 includes 23 x full days and 10 x 1/2 days 
3 includes 23 x full days and 9 x 1/2 days. 

lbo 



2.3.2 Camp site information (see also Fig. S.b) 

SYDURAN 1982 

I 
Date Camp Region Altitude Grid Reference Base map Sample.s Photographs 

w 44° 5l30" 
1 July - 3 July C.1 SE 665m N 61° os' 45" B17s0 - -

w 4.4 o 54' so" CB.82.C.01.01 
6 July - 22 July C.2 SE 1175m N 61° 08'37'' Bl7sv 304001-304038 CB.82.C.03.30 

0 
·I 

I II w 45 51 00 CB.82.C.03.31 
22 July - 27 July C.3 E 1150m N 61° u' 20" Bl7ntll 304039;.304047 CB:82.C.04.04 

w44° s4'so" CB •. 82.C.04.05 
27 July - 3 Aug C.4 NE 1192m N 61° 12

1 50 .. · B17nv 304048-304058 CB.82.C.06.18 
r:r 

w 44° sl' 4o" CB.82.C.06.24 
3 Aug - 7 Aug C.5 SE 1520m N 61° OB 1 20" · B17se 304059-304075 CB.82.C.07.14 

w 45° 01
1 

30" CB.82.C.07.15 
7 Aug - 13 Aug C.6 NE 200m N 61° 11' 45" Bl6n0 304076-304100 CB.82.C.08.31 

w 45° o&' so'' 304101.,.304121 c.B. 82 .c. 08.32 0 I N 
13 Aug - 18 Aug C.7 c 1140m N 61 11 36 B16ni!1J (inc. belL reco) CB.82.C.l0.05 

w 44° 57
1

20
11 

CB.82.C.l0.09 
21 Aug - 25 Aug C.8 NE 1058m N 61° 12' 37" B17nv 304122"-304145 CB.82.C.10.15 

w 45° 03' 40" CB.82.C.l0.16 
25 Aug - 31 Aug C.9 NE 175m N 61° u' 20" JBl6n0 304146-304196 CB. 82 • C. 11. I 7 

0 I II w 44 57 02 304197-304200 
0 , , 

31 Aug - 10 Sept C.10 NE 190m N 61 10 25 Bl7sv 304708-304779 CB.82.C.ll.18 

.·~ 
Cf' 
I=" 
@ 

(inc.heH.reco) CB.82.C.13.36 > 
[t.d 
0 

~ 
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2.3.2 Camp site information continued. 9 

PYROCHLORE 1984 

Date Camp Region Altitude Grid Reference Base map Samples Photographs 

w 44° si oz'" CB.84.C.02.18 
28 June -·4 July C.9 NE 175m N 61° 10' 25"' Bl7sv 326001-326016 CB.84.C.04.0i 

0 
li 40" w 45 CB.84.C.04~02 

4 July - 10 July C.ll s 255m N 61° o8' so" Bl6sv 326017-3.26038 CB •. 84.C.05.06 

's:-
w 45° os' 1sN CB.84.C.05.07 

10 July - 17 July C.l2 c 700m N 61° 09' 37"' B16S0 326039-326070 CB.B4.C.05.29 

'W 44° 54 45' . CB.84.C.05.30 
17 July - 22 July C.2 SE 1175m N 61° 08' 45 .. B17sv 326071-326106 CB.84.C.07.22 

-"' ... -.J..') 

'W 45° 09' 30" CB.84.C.08.02 
28 July - 3 Aug c.l3 s 1200m N 61° 07' 4':{ Bl6sv 326107-326139 CB.84.C.09.25 

. w 45° 01' 30" CB.84.C.09.33 
3 Aug - 8 Aug C.6 NE 200m N 61° n' 45' B16nCII 326140-326145 CB.84.C.l0;0S 

0 
oz' 4o" w 45 CB.84.C.l0.06 

8 Aug - 16 Aug C.l4 s 1200m N 61° 07' 15'' Al5neJ 326146-326160 CB.84.C. 11-.20 

w 45° ol' oo" 326160-326197 CB. C4. C. 11.21 
16 Aug - 22 Aug C.l5 170m N 61° o6' 20" Al5nv (inc:hel,Reco) CB.C4.C.l2.08 ' s 

w 45° 14' oo'' 326198-326200 CB.84.C.l2.09 
22 Aug - 27 Aug C.l6 N'W 480m N 61° 12' so" Bl6nv 325651.;.325654 cB.84:c.l3.25 

~-
o=' 
~ ro - > 
~ 
0 

~ 



Table 

lllocl:t cod<!! for the Motzf<!!:H.dt Centre 

This is the rock nomenclature code for the Motzfeld t Centre, S. 
Greenland. The format was decided at the Motzfeldt meeting in Munich, 
January 1985. 
The code consists of a three digit num·ber. The first digit represents 
the code for the ROCK GROUP, the second for the ROCK UNIT and the third 
for the ROCK APPEARANCE. 

9 

8 

7 

6 

5 

4 

3 

2 

1 

UNDIFFERENTIATED 

GARDAR ·DYKES 

SHEET INTRUSIONS 

'RING DYKE' 
INTRUSIONS 

FLINKS DAL 
FORMATION 

M01'ZFELDT S0 
FORMATION 

CEOLOCFJELD 
FORMATION 

ERIKSFJORD 
FOH.MA'l'ION 

0 

JULIANEHAB 
FORMATION 

ROCK APPEARANCE 

5 PEGMATITE 

2 
1 

5 
4 
3 

ANY OTHER 
HY SYENITE 

LAMPROPHYRIC 
ACID 
INTERMEDIATE 

2 BASIC 
1 CARBONATITE 

3 
2 
1 

4 
3 
2 
1 

3 
2 
1 

3 
2 
1 

3 
2 
1 

4 
3 
2 
·t 

1 

PERALKALINE MICROSYENITE SUITE 
POIKILITIC ARFVEDSONITE MICROSYENITE 
J.UJAVRITE 

LAMINATED PORPHYRITIC SYENITE 
LAMINATED ALKALI· SYENITE 
SYENOGABBRO/LARVIKITE DYKE 
ALKALI GABBRO DYKE 

NEPHELINE SYENITE 
FOYAI.TE 
PORPHYRITIC NEPHELINE SYENITE 

NEPHELINE SYENITE 
ALTERED SYENITE 
MARGINAL ARFVEDSONITE SYENITE 

NEPHELINE SYENI'l'E 
PULASKI'l'E 
CEOLOCFJELD SYENITE 

METASOMATISED IGNEOUS ROCKS 
SEDIMENTARY ROCKS 
lN'i'J::l<MEDIATE IGNEOUS ROCKS 
BASIC IGNJ::OUS ROCKS 

GNEISS, GRANITE,DIORITE, ETC 

4 TYPE 'REPRESENTATIVE' SAMPLE 
3 AL'fERED / MINERALISED 
2 WEATHERED 
1 FRESH 

EXAMPLE, 

434 = Motzfeldt S¢ Formation, Nepheline syenite, Type sample. 
If any part of the code is unknown then a nine should be used! eg. 492 
= Motzfeldt S¢ Formation, unit unknown, weathered sample. 

999 = missing sample 



2.4 The Motzfeldt samples; the facts and figures 

2.4.1 Sample quantity, variation and usage 

To date, over 2000 samples have been collected from the Motzfeldt Centre. These 

include samples collected by, C.H. Emeleus & W.T. Harry (field seasons 1961-1963), 

A.P. Jones (field seasons 1977 & 1979) and members (including the author) of the GGU

SYDURAN (field seasons 1979-1983} and PYROCHLORE (field seasons 1984 & 1985) 

teams. Of these, 1048 are housed at Durham and have been available for study. The 

author has collected 480 samples in two field seasons. Approximately 200 of these have 

been processed in XRF investigations with 160 complete major trace analyses tabled 

here (Table A3.2). Because of the coarse nature of many of the syenites and because 

geochemical studies were to be undertaken large samples were collected, usually around 

1 to 2 kg in weight.· The freshest available material was collected and most weathered 

surfaces removed in the field. 

The many syenite and nepheline syenite units show a remarkable variation in texture 

and mineralogy both between and within individual units. There are however distinct 

recognisable characters to most of the units, making identification, although often un

certain, possible. Sampling was not restricted to 'representative' specimens therefore 

most lithological varieties encountered in Motzfeldt are represented in the collection. 

Many, very 'peculiar' rock types have not been studied in detail, purely because they 

are unusual and consequently beyond the scope of this work. 'Representative' samples 

are really those that 'clearly show the definitive features which most frequently are found 

in a particular unit. These features were provisionally described in the GGU internal 

report; Bradshaw & Tukiainen, 1983 and are expanded in Part Two and Part Three of 

this thesis. 

Difficulties have remained however, with certain individual units being almost indis

tinguishable from one another, except perhaps by their field relations. In addition to 

the identification problem, weathering and alteration are a great hinderance to sampling 

163 



in Motzfeldt. The coarse and very coarse rock types are invariably friable and weath

ered to some degree and tend to outcrop in rounded crumbling mounds whereas the fine 

and medium-grained rocks are easily sampled and often fresh. This may lead to sam

pling bias. For instance, the paucity of FDF-Nepheline syenite in the sample range and 

geochemical investigations is simply due to its very coarse grain and consequently its 

weathered character. 

2.4.2 Lithological coding 

Because ofthe large numbers of specimens, collected by several different teams during 

the PYROCHLORE survey, a lithological code system was developed (Table A2.6). This 

was devised by the author at a meeting of the PYROCHLORE group in Munich. The 

code is flexible in allowing any identification uncertainty as well as the physical state of 

the specimen to be included. 

2.4.3 Sample Locations and distribution. 

Enc.2 shows the sample location distribution for all specimens housed at Durham. 

If Enc.2 is used as an overlay to the contoured geological map {Enc.l) it becomes clear 

that the topography has greatly determined the sampling distribution. Grid-type sam

pling proved virtually impossible, with many of the suitable sampling exposures being 

restricted to cliff faces often above the scree fans. Most samples have been taken while 

traversing valley sides or along ridge sections. Helicopter reconnaissance also proved 

invaluable for sampling especially in the very high ground of NE and S Motzfeldt. Nev

ertheless, a fairly good coverage of Motzfeldt has been possible and this has formed the 

basis of this study. Grid reference locations of all the samples taken in Motzfeldt are 

available from a computer data-base housed in the Greenland Geological Survey, Copen

hagen. 
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AJP:IPJENDJIX THREE 

WHOJLE ROCK CHEMJI§TRY 



APPENDJIX THREJE 

ROCK CHEMJI§TRY 

3.1 X-ll'ay fluorescence spectroscopy 

3.1.1 Sample preparation 

Samples (>500 gms) were ~roken using a Cutrock Engineering hydraulic splitter and 

any weathered surfaces removed. The fragments were then crushed into a coarse gravel 

(1-2 em) using a Stutvant 2" x 6" Roll Jaw crusher. This material was systematically 

quartered and reduced until approximately 60-80 gms remained and then powdered using 

a Tema Laboratory Disc Mill, with a tungsten carbide barrel. Grinding usually took three 

to four minutes until a very fine powder remained. Fitton & Gill (1970) showed that 

oxidation of FeO to Fe2 03 could occur during grinding. Therefore, for a number of 

representative samples a few gms were withdrawn after just 30 seconds of grinding and 

this coarser powder used in subsequent whole rock FeO determinations. All powdered 

samples were pressed into briquettes using a hydraulic press operating at 5 to 7 tons 

per square inch. Between 5 and 10 drops of MOWIOL were used as a binding agent. 

The briquettes were dried in an oven at 110° for one hour, before use in trace element 

determination. 

There is little doubt that for major element analysis fused-beads are better than pow-

der briquettes. In tliis study approximately 65% of the samples have been analysed for 

major elements by fusion disc techniques. These have been prepared both in Edinburgh 

and Durham with techniques described below. 

i. Edinburgh 

120 fused glass discs ( 45 mm diameter) were prepared in Edinburgh following a pro

cedure comprehensively described in Fitton & James (1980) and summarised here. 

1. The powder is dried at 110° for 1 hour. 
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2. 1 gm of sample is weighed into aPt-Au crucible (four at a time). 

3. 5x sample weight of Johnson Matthew SPECTROFLUX 105 is added, with an addi

tional 0.03 grams to allow for volatile loss in the flux. 

4. The crucibles are placed (with Pt-Au lids) in a furnace at 1100° for 20 minutes. If 

chromite or other refractory minerals are suspected then this is increased to 1200° 

for 2 hours. 

5. The removed samples are swirled and cooled in the crucibles then re-weighed. 

6. Any weight loss is accurately made up with additional flux. 
('> 

7. The crucibles are then re-heated over Meker burners until the sample is co~etely 

fused. Swirling of the mixture ensures thorough mixing 

8. The molten mixture is poured onto a graphite mould enclosed by a stainless .steel ring 

and the disc formed by insertion of an aluminium plunger. All this moulding process 

is done on a hotplate at 220°C. 

9. The plunger is removed after about 5 to 10 seconds and the disc covered with a silica 

dish then left for 30 minutes. 

10. The disc should have a uniform 'orange peel' surface texture. 

11. The crucibles are quenched in cold water then immersed in warm 50/50 HCL for 10 

to 15 minutes. 

12. The analytical surface of the disc is the one which was in contact with the aluminium 

plunger. The other side is labelled. 

ii. Durham 

Fused glass discs (35mm diameter) were made at Durham following a similar method 

to the Edinburgh preparation procedure except for the following departures: 
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'Fable A3Jl. 

Operating conditions of the P\Vl400 X-ray specrometer · 

ELEMENT FLT COL DET XTL ORD UPL UJL KV MA ANGLE vOFFS -OFFS 

0'\5 ZD KA NO c F 4 70 30 80 35 45 c 125 2a40 2a40 
p ZJ KA NO c F 5 75 25 80 35 141 .025 4.00 3.50 
~q ZF KA NO c F 4 84 28 80 35 55aOOQ 2.40 1.30 
f\\ ZB ~{A NO c F 3 75 30 80 35 145a190 1.80 4a00 
s, ZA ~(A NO c F 3 75 25 80 35 :109.235 3.80 2a00 

s ZK KA NO c F 3 75 25 80 35 75.865 L20 .oo 
K ZG KA NO F F 2 70 30 80 35 136.885 3.00 1.80 

(!..q_ ZE f(A NO F F 2 75 25 80 35 113.285 4.30 2.00 
T. ZH KA NO c F 2 75 25 80 35 86.280 5.00 2.00 
v :z Q 1 KA NO F F 1 62 35 80 35 123.420 2.00 2a00 

. Cr Z02 KA NO c F 1 1 60 34 80 35 107.355 2a00 2.00 
fY'II) ZI f(A NO c F 1 1 70 40 80 35 95.415 4.60 2.00 

Fe zc KA NO F FS 2 1 75 25 80 35 57.635 2.30 2.00 

ill Z03 LA NO c F 1 1 75 35 80 35 112.875 1.40 2.00 
N', Z03 KA NO c s 1 1 65 30 BO 35 71.325 2.00 

~ 
L30 

C"l Z02 ~{A NO F FS t 1 70 30 80 35 65.610 L10 .50 
zo Z01 KA NO c s 1 1 65 30 BO 35 60.640 1.00 1.00 
G-q_ ZR1 KA NO c s 1 1 65 30 80 35 56.245 .90 .40 
G-e ZR2 KA NO c F 1 1 75 25 80 35 52.300 1.00 1. 00 
Rb ZN3 KA NO c s 1 1 60 30 80 35 38.020 .70 .oo 
Sr ZH2 KA NO c s 1 1 60 30 80 35 35.900 1.10 1.00 
v ZHl KA NO c s 1 1 60 30 80 35 33.925 .00 .90 
z_,.. ZiB f(A NO c s 1 1 60 30 80 35 32.100 .90 .90 
1\\b :ZM2 KA NO c s 1 1 60 30 BO 35 30.475 .60 .60 
fl\o ZS1 f(A NO c s 1 1 65 35 80 35 28.840 1.20 .60 
~ ZS2 LB NO c FS 1 1 75 25 80 35 43. 140 1.50 1.50 

ZS3 LA NO c s 1 1 75 25 80 35 53.445 1.00 .50 
c.Lzrt I~ A NO c s 1 1 75 25 80 35 21.685 1.20 .60 
$n ZT2 f{A NO c s 1 1 75 25 80 35 19.900 .90 1.20 
Sb ZT3 KA NO c s 1 1 75 25 80 35 19.005 1.72 ./4 

TCII.ZU1 LA NO c F 1 1 75 "25 80 35 64.680 .50 1.50 
8a_ZM1 KA NO F s 1 1 62 32 80 35 15.625 1.38 .78 
1-a ZU2 f{A NO c F 1 1 62 30 80 35 139. 155 2.00 2.00 
CeZU3 LB NO c F 1 1 70 28 BO 35 111 • 930 2.60 1.50 
f'b ZP1 KA NO c s 1 1 60 40 80 35 40.440 1.20 1.60 
F ZVI KA NO c F 4 1 80 20 ao 35 90.615 2.40 2.50 

'11-l ZP3 LA NO c s 1 1 80 25 80 35 39.290 .60 .76 
U. ZP2 LA NO c s 1 80 25 80 35 37.360 1.40 .60 
Co ZV2 KA NO c s 1 1 . 70 30 80 35 77.965 1.00 .so 

cu .I<A NO F F 2 1 --·-8o 20 0 0 - -45 .-o/s -- - :·oo · -· - • -o<f 

Crystal; Detector; collimator; 
l=LIF220 F= Flow C= coarse 
2-=LIF200 S= Scint F= Fine 
3=PE FS= Flow & scint 
4=THAP 
S=GE 



1. A Leco Instruments induction furnace was used. The crucible is heated by induction 

coil for 10 minutes at approximately 1100°C. 

2. Smaller (35mm diameter) discs were made so as to be compatible with the automatic 

sample loader at Durham. 

3.1.2 Operating conditions and data processing 

i. Edinburgh 

The major element analyses were made using a Phillips PW1450 XRF system. De

terminations were made on fused glass discs (Norrish & Hutton, 1969) with corrections 

applied for inter-element mass absorption effects, using the tables of Theisen & Vollach, 

(1967). The following International Standards were used; G2, GSP1, AGV1, BCR1, 

PCCl, DTS1, GA, GH, BR, BEN, ANG & MAN; with data from Abbey (1983). Full 

descriptions of the theory of the techniques and of the computer programs used in data 

processing at Edinburgh are given by Thirlwall (1979). No trace analyses were processed 

at Edinburgh. 

ii. Durham 

The analyses were performed using a Phillips PW1400 x-ray spectrometer incorpo

rating a PW1500/10 automatic sample changer and using Rhodium K radiation. The 

operating conditions are listed in Table A3.1. The data were calibrated against a selec

tion of International standards (data from Goviandaraju, 1984) together with a number 

of internal standards of syenitic composition. 

a. Major elements 

In fusion data processing, inter-element interference was corrected using coefficients 

derived from selected multiple regression analysis obtained from MIDAS (a statistical 

package on Durhams main- frame computer) . Major element determination was also 

carried out on powder-discs. This method was used because of its speed of prepara

tion. The programme XRF.QD written by Mr.C. Watson (this department) was used 
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for data processing. The programme follows a procedure similar to that given in Brown 

et al.,(1973) and uses the mass absorption tables of Heinrich (1966). In summary, in

tensities of the standards are regressed against their known composition and the least 

squares quadratic equation derived, is applied to give first approximation values to the 

unknowns. Mass absorption values are then applied to the standard intensities and a 

new corrected quadratic regression line obtained. The approximate analyses of the un

knowns are then used to calculate their mass absorption effects, which together with 

the corrected regression line from the standards are used on the unknown intensities 

to acquire improved analyses. This procedure is reiterated until a fixed convergence is 

obtained as in accordance with the method of Holland and Brindle (1966). The author 

obtained satisfactory results when a large number (10) of internal standards were added 

to the International batch. These internal standards were all from the Motzfeldt Centre 

and of syenite or nepheline syenite composition. The data being derived from the fusion 

analyses of Edinburgh. 

b. Trace elements 

17 trace elements were analysed for each sample, raw counts processed here with the 

programme TRATIO by R.C.O. Gill. The trace element data used and tabled in this work 

however, have been processed (from the raw-counts derived at Durham) exclusively, at 

GGU by Tapani Tukiainen. The procedure used, is a method, given in Bailey & S!<1renson 

(1976) which follows the guidelines of Norrish & Chappell (1967). 

The method is based on the formula: 

(1) ppm = net cfs (net counts per sec) x ufp (mass absorption coefficient) x (K) 

constant. 

The following three steps are taken to give the ppm; 

1. Determination of net cf s free of spectral interferences and of the background value. 

Measurements of peak and background intensities from a number of blank standards 
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such as Specpure Si02, Ah03, and MgO or even PCC-1, are used to accurately 

determine the background intensities of the different elements. 

2. The constant (K) is calculated using International Standards of known ppm and 

ufp and whose net cf s were determined under the same analytical conditions as the 

unknowns. 

ie, K =ppm/ (net cfs x ufp) 

3. The ufp correction factor for each element analysed was determined by taking into 

account the total ufp effects of the major element data of the sample and in addition 

(by an iterative procedure) the total ufp effects of selected trace elements namely; 

Zr, Nb, Ba, Sr, Ce, Nd and La. 

The improved uf p total is then used in the original formula (1) with the net cf s and 

the average K value (derived from the International Standards) to give the ppm. 

3.1.3 Notes on tables of XRF data 

Disc type:1 (Major elements) 

Fs.1 = Fusion Disc, Edinburgh. 

Fs.2 = Fusion Disc, Durham. 

Pd.1 = Powder Disc, Durham (Holland & Brindle, 1966 method) 

Pd.2 =Powder Disc, Durham (Watson method) 

Pd.3 = Powder Disc, Durham (data from Jones, 1980) 

Missing data: = •1 

1 all trace element data from powder discs using Bailey & S0renson, 1976 method 
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Whole-rock 9eochemicol analyses- Geologfjeld Formation. 

Sample no. 
Disc type 

304166 
Fa.1 

Major elements (~t~) 
Si02 63.29 
Al203 16.25 
Fe203T 
MgO 
CoO 
No20 
e<20 
Ti02 
MnO 
P205 

Total 

4.46 
0.35 
0.94 
5.73 
5.72 
0.64 
0.18 
0. 11 

97.67 

Trace elements (p.p.m) 
Bo 479 
Nb 103 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Oiopside 
Wollastonite 
Hypersthene 
01 ivine 
Magnetite 
Hematite 
II men i te 
Apatite 

Lith. code 
Camp site 
Colour index 
Froc. index 
Di ff. index 
No/(No+K) 
{No+K)/AI 
Fe203/Fe0 

563 
70 

128 
214 
120 

31 
10 
24 
31 
77 

164 

4.0 
0.1 

34.7 
49.8 

1. 7 

0.0 
0.0 
2.1 
0.0 
5.0 
0.0 
1. 9 
0.0 
0.3 
0.3 

312 
Cmp.09 

9.63 
88.50 
88.50 

0.60 
0.96 

0.45 

304167 
Fs. 1 

60.93 
15.93 
4.18 
0.78 
2.05 
5.66 
6.20 
0.68 
0.18 
0.46 

97.07 

293 
123 
491 
158 
168 
422 
164 

20 
14 
38 
26 

545 
1011 

0.0 
e. 1 

37.8 
49.0 
0.0 
0.0 
0.4 
6.3 
0.0 
1. 2 
2. 1 
1. 6 
0.0 
0.4 
1 . 1 

312 
Cmp.09 

9.63 
87.20 
86.80 
0.58 
1. 01 
0.45 

304172 
Pd .1 

60.01 
17.25 
4.39 
0.81 
2.29 
5.20 
6.36 
0.48 
0.18 
0.15 

97.12 

1055 
66 

288 
50 

252 
183 
92 
11 
5 
3 

23 
53 

1 1 1 

0.0 
0.1 

38.8 
44.9 
5.1 
0.3 
0.0 
5.0 
0.0 
0.0 
3.3 
1 . 9 

0.0 
0.4 
0.4 

313 
Cmp.09 

10.89 
83.94 
83.90 
0.55 
0.89 
0.45 

63703 
Pd.3 

60.98 
16.55 
4.96 
0.67 
4.32 
5.58 
6.27 
0.88 
0.10 
0.24 

100.55 

2178 
73 

381 
37 

838 
116 
112 

12 
6 

0 
25 
46 
88 

0.0 
0.1 

36.9 
38.3 

1. 6 
4.7 
0.0 

15.1 
0.5 
0.0 
0.0 
2.1 
0.0 
0.2 
0.6 

314 
Cmp.04 

17.88 
79.97 
80.00 

0.57 
0.96 
0.45 

304159 
Fs. 1 

60.54 
17.68 
5.10 
0.57 
1. 97 
5.74 
6.27 
0.73 
0.20 
0.15 

98.96 

938 
78 

286 
32 

366 
94 

109 
6 

3 
6 

22 
54 

101 

0.0 
0.1 

37.6 
44.9 
4.0 
2.3 
0.0 
4.4 
0.0 
0.0 
3.8 
2.2 
0.0 
0.4 
0.4 

314 
Cmp.09 

11.55 
84.78 
84.80 
0.58 
0.92 
0.45 

304160 
Fa. 1 

60.80 
17.75 
4.38 
0.45 
1. 75 
5.75 
6.47 
0.63 
0.17 
0.15 

98.29 

842 
57 

239 
37 

241 
92 
83 

9 
4 
9 

23 
48 
97 

0.0 
0. 1 

39.0 
45.6 
3.6 
2.2 
0.0 
3.7 
0.0 
0.0 
3.3 
1. 9 
0.0 
0.3 
0.4 

314 
Cmp.09 

9.52 
86.79 
86.80 

0.57 
0.93 
0.45 

Thblie A3.2 

304740 
Fs. 1 

61.00 
17.81 
4.43 
0.45 
1. 79 
5.71 
6.53 
0.65 
0.18 
0.15 

98.70 

673 
54 

233 
28 

240 
86 
86 

7 
3 
8 

22 
43 
73 

0.0 
0.0 

39.2 
45.3 
3.7 
2.0 
0.0 
3.8 
0.0 
0.0 
3.3 
1. 9 
0.0 
0.3 
0.4 

314 
Cmp.09 

9.68 
86.53 
86.50 

0.57 
0.92 
0.45 



~hole-rock geochemical analyses- Geologfjeld Formation. 

Sample no. 
Disc type 

58352 
F' s. 1 

Major elements (~t7.) 

Si02 61.81 

Al203 19.43 
fe203T 

MgO 
CoO 
No20 

K20 

Ti02 
MnO 
P205 

Total 

4.54 

0.32 

1. 79 

6.67 

6.16 

0.47 

0.14 

0. 11 

101.43 

Trace clements (p.p.m) 
Ba 986 

Nb 87 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 

Ce 

C. I .P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 iv ine 
Magnetite 
Hematite 
I I men i te 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
D iff. index 
No/(No+K) 
{No+K)/AI 
Fe203/Fe0 

420 

39 
517 

128 

92 
9 
2 
8 

30 

69 
118 

0.0 

0.1 

36.0 

44.6 
4.9 

6.0 

0.0 

3.0 

0.0 

0.0 

3.1 
1. 9 

0.0 

0.3 

0.2 

324 

Cmp.04 
8.46 

86.60 

86.60 

0.62 

0.91 

0.45 

58367 
Pd.3 

59.94 

18.27 

5.34 
0.44 
2.58 

6.43 

5.58 
0.58 
0.13 

0.17 

99.46 

996 

117 

504 

45 
746 
132 

85 
10 

5 
5 

31 

76 

142 

0.0 

0.1 

33.2 

44.2 

4.5 

5.8 

0.0 
6.5 

0.0 
0.0 

2.8 

2.2 

0.0 
0.2 

0.4 

324 

Cmp.04 

12.16 

83.19 

83.20 

0.64 

0.91 
0.45 

304051 

Fs.1 

58.32 

18.47 

5.08 

0.51 

2.52 

6.32 
5.69 

0.62 

0.14 
0.13 

97.80 

806 

56 
243 

30 
236 

87 
79 

6 
2 
3 

23 

48 

86 

0.0 
0. 1 

34.5 

40.8 

5.4 
7.6 
0.0 
5.8 

0.0 

0.0 

3. 1 
2.2 
0.0 

0.3 

0.3 

324 
Cmp.04 

11.73 
82.86 

82.90 

0.63 
0.90 
0.45 

326161 

Pd.2 

59.44 

18.09 
4.56 
0.53 

2.03 
6.52 

5.47 
0.53 

0.14 
0.16 

97.47 

1166 

105 

417 
38 

729 

114 

88 

9 
7 

5 
25 

68 
122 

0.0 
0. 1 

33.2 

46.8 

4. 1 
5.4 

0.0 

4.7 

0.0 
0.0 
3. 1 

2.0 

0.0 
0.3 

0.4 

324 

Cmp.04 
10.44 
85.40 

85.40 

0.64 
0.92 

0.45 

326189 
Pd.2 

58.99 
18.03 
4.82 

0.58 

2.25 

6.60 

5.31 

0.57 
0.15 

0.15 

97.45 

1246 

122 

451 

40 

755 

118 

92 

7 

8 

5 
27 
66 

130 

0.0 

0. 1 
32.3 
45.8 
4.0 

6.3 
0.0 

5.8 
0.0 

0.0 

3.0 
2. 1 
0.0 
0.3 
0.4 

324 

Cmp.04 
11 .55 
84.36 

84.40 

0.65 

0.92 
0.45 

58370 

Pd.3 

59.44 
18.68 

5.44 

0.43 
2.28 

6.88 
5.79 

0.59 

0.15 

0.16 

99.84 

901 

187 
676 

54 

481 
150 

102 

15 

5 
13 
29 

100 

182 

0.0 
0.1 

34.3 

41.4 

3.0 

9.2 

0.0 
6.5 
0.0 
0.0 
1.5 

3.3 
0.0 
0.3 
0.4 

331 

Cmp.04 
11.92 

84.95 
84.90 
0.64 

0.94 
0.80 

58373 
Pd.3 

58.23 

19.29 
6.48 

0.23 

1.33 

8.02 

5.65 
0.35 
0.20 

0.10 

99.88 

171 
130 

576 

70 

54 

163 
140 

9 
2 
5 

39 
123 

239 

0.0 
0. 1 

33.5 

39.2 

0.0 

15.6 

0.1 
5.3 

0.0 

0.0 
1.7 
3.9 
0.0 
0.4 

0.2 

331 

Cmp.04 

11.44 

88.50 

88.40 

0.68 

1.00 

0.80 



Whole-rock geochemical analyses- Geologfjeld Formation. 

Sample no. 
Disc type 

58377 
Pd.3 

Major elements (~t7.) 

Si02 57.59 
Al203 20.15 
fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

5.69 
0.36 
1. 24 
8.26 
5.53 
0.26 
0.21 
0.08 

99.37 

Trace elements (p.p.m) 
Ba 125 
Nb 255 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Corundum 
Hypersthene 
01 iv i ne 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
Diff. index 
Na/(Na+K) 
(Na+K)/AI 
Fe203/Fe0 

959 
80 

182 
242 
142 

8 
9 
0 

43 
121 
217 

0.0 
0.2 

33.0 
37.9 

1. 6 

17.6 
0.0 
3.6 
0.0 
0.0 
2. 1 
3.5 
0.0 
0.4 
0.2 

331 
Cmp.04 

9.70 
88.52 
88.50 
0.69 
0.97 
0.80 

304048 
Pd. 1 

58.04 
18. 15 
5.63 
0.38 
1. 97 
6.13 
6.06 
0.61 
0.19 
0.14 

97.29 

809 
172 

717 
60 

371 
158 
124 

19 
7 

21 
32 

108 
194 

0.0 
0.1 

36.9 
41.1 
4.3 
6.7 
0.0 
4.3 
0.0 
0.0 
2.4 
3.5 
0.0 
0.4 
0.3 

331 
Cmp.04 

10.95 
84.65 
84.60 

0.61 
0.92 
0.80 

304137 
Pd.1 

55.68 
19.87 
5.77 
1.02 
1.65 
7.90 
6.42 
0.31 
0.20 
0.08 

98.90 

304 
159 
537 

53 
291 
225 
108 

10 
4 

8 
39 
78 

133 

0.0 
0. 1 

37.3 
28.7 
2.5 

20.1 
0.0 
4.3 
0.0 
0.0 
3.0 
3.4 
0.0 
0.4 
0.2 

331 
Cmp.08 

11.33 
86.08 
86.10 
0.65 
0.96 
0.80 

58368 
Pd.3 

59.39 
18.63 
5.71 
0.23 
1 .55 
7.24 
6.00 
0.27 
0.16 
0.07 

99.25 

87 
79 

305 
39 
35 

156 
95 

4 

0 
2 

37 
57 

114 

0.0 
0.1 

35.8 
41.7 
0.6 

10.9 
0.0 
5.9 
0.0 
0.0 
1.0 
3.5 
0.0 
0.3 
0.2 

334 
Cmp.04 

10.83 
88.49 
88.50 

0.65 
0.99 

0.80 

304055 
Pd.2 

56.01 
21.66 

4.02 
0.34 
0.93 
9.14 
5.63 
0.17 
0.15 
0.07 

98.12 

118 
141 
467 

49 
43 

148 
91 

9 

11 
34 
90 

171 

0.0 
0.1 

34.0 
32.0 

1. 5 
25.4 
0.0 
2.4 
0.0 
0.0 
1 . 7 
2.5 
0.0 
0.3 
0.2 

334 
Cmp.04 

7.03 
91.40 
91 .40 

0.71 
0.98 
0.80 

304135 
Pd .1 

55.41 
20.27 

4.74 
0.81 
1. 71 
7.51 
6.03 
0.32 
0.16 
0.90 

97.86 

361 
158 
520 

49 
349 
182 
95 
11 

3 
11 
34 
86 

138 

0.0 
0.1 

36.5 
34.0 

2.7 
16.8 
0.0 
0.0 
0.4 
0.0 
4.0 
2.9 
0.0 
0.3 
2.2 

334 
Cmp.08 

9.45 
87.29 
87.30 
0.65 
0.93 
0.80 



~hole-rock geochemical analyses- Motzfeldt So Formation. 

Sompl e no. 
Oi sc type 

304052 
Fs .1 

Major elements (ot%) 
Si02 4B.12 
Al203 G.39 
Fe203T 
MgO 
CoO 
No20 
1<20 
Ti02 
MnO 
P205 

Total 

26.25 
0.95 
3.33 
5.05 
2.16 
2.25 
0.75 
0.04 

95.28 

Trace elements (p.p.m) 
Bo 1933 
Nb 389 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C. I .P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Corundum 
Hypersthene 
01 i vine 
Magnetite 
Sod. met as i I . 

Ilmenite 
Apot i te 

Lith. code 
Camp site 
Colour index 
Froc. index 
0 iff . index 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

1651 
127 

1390 
305 
297 

20 
17 

8 

59 
123 
250 

2.3 
0.4 

13.6 
22. 1 
0.0 
0.0 

20.5 
15.5 
0.0 

13.6 
0.0 

10.7 
0.0 
1. 5 
0. 1 

414 
Cmp.04 

41.29 
68.36 
37.90 
0.78 
1 .67 
1.20 

304165 
Fs. 1 

59.01 
13.15 
10.42 
0.51 
2.35 
7.11 
4.35 
0.43 
0.32 
0.03 

97.69 

1344 
137 
487 

46 
831 
136 
92 
10 

4 

6 
32 
69 

119 

0.0 
0. 1 

26.4 
41.8 
0.0 
1. 6 

15.2 
10.6 
0.0 
0.0 
3.3 
0.5 
0.0 
0.6 
0. 1 

414 
Cmp.08 

15.01 
84.89 
69.70 
0.71 
1 .25 
1 .20 

325651 
Pd.2 

58.89 
13.52 
8.29 
0.64 
3.43 
6.43 
4.88 
0.42 
0.25 
0.08 

96.83 

331 
333 

3256 
142 
130 
308 
359 
56 
18 
34 
39 

375 
699 

0.0 
0.7 

29.8 
39.3 
0.0 
2.4 

10.9 
14.8 
0.0 
0.0 

0.5 
1 .0 
0.0 
0.5 
0.2 

414 
Cmp. 16 

16.90 
82.42 
71 .50 
0.67 
1.17 

1.20 

304710 
Fs.1 

56.47 
9.21 

17.37 
0.22 
1.26 
6.90 
3.65 
0.38 
0.65 
0.0 

96.10 

69 
1289 
7337 

520 
128 
331 
871 

72 
10 

2 
44 

1000 
1768 

1. 9 
1. 5 

22.4 
28.1 
0.0 
0.0 

27.1 
5.7 
0.0 

11.5 

0.0 
0.0 
0.4 
1 . 3 

0.0 

415 
Cmp. 10 

18.52 
79.53 
52.40 
0.74 
1.66 
1 .20 

304711 
Pd.1 

57.20 
10.03 
15.63 
0.17 
0.65 
5.45 
4.16 
0.29 
0.51 
0.0 

94.10 

105 
1532 

11778 
701 

44 
364 
809 

69 
16 
18 
43 

1277 
2360 

7.8 
2.5 

25.9 
30.0 
0.0 
0.0 

16.4 
3. 1 

0.0 
9.2 
0.0 
4.2 
0.0 
1.0 
0.0 

415 
Cmp.10 

17.48 
80.02 
63.70 
0.67 
1.34 

1.20 

304040 
rs .1 

63.48 
15.86 
5.77 
0.13 
0.39 
6.02 
4.91 
0.41 
0.06 
0.02 

97.05 

146 
665 

2303 
236 
34 

411 
249 
108 
21 

137 
49 

772 
1262 

8.7 
0.5 

29.9 
52.4 

1.8 
0.0 
0.0 
0. 1 
0.0 
0.6 
0.0 
6.0 
0.0 
0.1 
0. 1 

423 
Cmp.03 

6.80 
90.90 
90.90 
0.65 
0.96 
2.50 

304053 
Fs. 1 

G1.20 
16.02 
6.27 
0.06 
0.42 
5.41 
5.51 
0.39 
0. 11 
0.00 

95.40 

134 
1572 
6776 

505 
19 

621 
377 
156 

24 
102 
48 

1403 
1529 

7.4 
1.4 

33.9 
47.6 
2.2 
0.0 
0.0 
0.0 
0.4 
0.3 
0.0 
6.5 
0.0 
0.2 
0.0 

423 
Cmp.03 

7.08 
88.90 
88.90 
0.60 
0.93 
2.50 



~hole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

304140 
Pd .1 

Major elements (wt%) 
Si02 57.71 
Al203 19.03 
Fe203T 6.99 
MgO 1.06 
CoO 1.29 
Na20 
K20 
Ti02 
MnO 
P205 
Total 

5.74 
4.51 
0.41 
0.14 
0.12 

97.00 

Trace elements (p.p.m) 
Ba 467 
Nb 276 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Ga 

La 
Ce 

C.I.P.W. norms 
Quartz 
Corundum 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hematite 
I I men it e 
Apatite 

Lith. code 
Camp site 
Colour index 
Froc. index 
D iff . index 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

945 
94 

265 
369 
150 

19 
7 

17 
40 

163 
226 

3.0 
2.7 
0.2 

27.5 
50.1 
5.9 
0.0 
0.0 
0.0 
0.0 

2.8 
0.0 
7.2 
0.0 
0.3 
0.3 

423 
Cmp.08 

10.62 
80.60 
80.60 
0.66 
0.75 
2.50 

304142 
Pd. 1 

61 .02 
16.71 
2.17 
0.26 
1.29 
6.09 
5.50 
0.04 
0.20 
0.01 

93729 

113 
1085 
4627 

552 
48 

519 
79 
53 
89 

287 
73 

786 
1415 

2.2 
0.0 
1. 0 

34.6 
54.9 

2. 1 
0.0 
0.0 
1.5 
1 . 1 

0.0 
0.0 
1.6 
0.5 
0.4 
0.0 

423 
Cmp.08 

3.51 
91.72 
91.70 
0.63 
0.96 
2.50 

304144 
Pd.1 

61.92 
16.42 
4.75 
1.16 
1.48 
5.67 
5.65 
0.59 
0.16 
0.08 

97.88 

782 
81 

540 
46 

1 1 1 
126 
117 

18 
3 
4 

29 
70 

141 

3.3 
0.0 
0.1 

34.1 
49.0 
2.7 
0.0 
0.0 
3.5 
0.0 
1.8 
0.0 
4.9 
0.0 
0.3 
0.2 

423 
Cmp.08 

10.70 
86.50 
86.50 

0.60 
0.94 
2.50 

304145 
Pd. 1 

56.55 
15.02 
9.93 
1.83 
0.77 

4.45 
5.41 
0.83 
0.13 
0.11 

95.03 

271 
335 

1214 
138 
68 

402 
426 

45 
15 
69 
53 

281 
509 

5.8 
0.7 
0.3 

33.7 
39.7 
3.3 
0.0 
0.0 
0.0 
0.0 
5.5 
0.0 

10.5 
0.0 
0.3 
0.3 

423 
Cmp.08 

16.60 
79.10 
79.10 
0.56 
0.88 
2.50 

304712 
Pd. 1 

56.12 
9.73 

18.65 
1.93 
2.84 
6.82 
1. 76 
0.47 
0.56 
0.01 

98.88 

255 
3299 
6697 

390 
134 
175 

1189 
116 
255 
141 

64 
822 

1492 

6.0 
0.0 
1. 4 

10.5 
40.6 
0.0 
0.0 

15.5 
11.6 
0.0 
2.4 
0.0 

11 . 1 
0.0 
1 . 1 
0.0 

423 
Cmp. 10 

26.14 
72.50 
57.00 
0.85 
1.35 
2.50 

304715 
Pd. 1 

54.62 
5.52 

24.34 
L96 
L34 
6.05 
2.50 
0.99 
0.57 
0.0 

97.89 

143 
4239 

13534 
647 
168 
300 

1748 
395 
342 
118 

42 
1075 
2123 

9.2 
0.0 
2.7 

14.9 
14.6 
0.0 
0.0 

32.7 
5.7 
0.0 

10.7 
0.0 
8.3 
0.0 
1.1 
0.0 

423 
Cmp. 10 

25.83 
71.43 
38.70 
0.79 
2.29 
2.50 

304719 
Pd .1 

56.43 
16.96 
7.64 
L47 
2.47 
5.55 
5.40 
0.94 
0.26 
0.18 

97.30 

441 
262 

1349 
103 
216 
311 
203 

51 
7 

25 
39 

128 
253 

0.0 
0.0 
0.3 

32.8 
43.6 
5.6 
2.6 
0.0 
4.7 
0.0 
0.0 
1 . 7 
7.9 
0.0 
0.5 
0.4 

423 
Cmp. 10 

15.20 
78.90 
78.90 
0.61 
0.88 
2.50 



Whole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

304720 
Pd.1 

Major elements (~t%) 
Si02 43.96 
Al203 11.07 
Fo203T 
MgO 
CoO 
No20 
1<20 
Ti02 
MnO 
P205 
Total 

20.81 
1.63 
8.28 
4.18 
3.97 
3.81 
0.46 
0.17 

98.34 

Trace elements (p.p.m) 
Ba 0 
Nb 588 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.l.P.W. norms 
Quartz 
Corundum 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
Oiff. index 
Na/(Na+K) 
(Na+K)/AI 
Fe203/Fe0 

393 
450 

69 
109 
566 

20 
27 

649 
32 

3889 
6969 

0.0 
0.0 
0.1 

24.0 
15.9 
0.0 

10.7 
0.5 

18.8 
7.6 
0.0 
0.0 

21 . 1 

0.0 
0.9 
0.4 

423 
Cmp. 10 

41.25 
51.03 
50.60 
0.62 
1. 01 
2.50 

304722 
Pd. 1 

55.99 
13.40 
10.32 
0.96 
3.34 
5.69 
4.66 
0.34 
0.27 
0.02 

9~.99 

23 
389 

1386 
151 

36 
364 
334 
141 

33 
63 
46 

827 
1538 

0.8 
0.0 
0.3 

29.0 
45.3 
0.0 
0.0 
4.8 
7.1 
3.6 
0.0 
0.0 
8.5 
0.0 
0.5 
0.0 

423 
Cmp.10 

16. 18 
80.00 
75.20 
0.65 
1 .07 
2.50 

304723 
Fs.1 

55.55 
15.27 
10.78 
0.01 
2.73 
6.35 
4. 11 

0.50 
0.44 
0.06 

95.81 

149 
358 

1303 
169 
75 

204 
304 

56 
32 

108 
35 

622 
1096 

0.0 
0.0 
0.3 

25.4 
55.5 

1.1 
0.4 
0.0 
0.0 
5.3 
0.0 
0.0 

10.4 
0.6 
0.9 
0.1 

423 
Cmp.05 

11.50 
81.30 
81.30 
0.70 
0.98 
2.50 

304725 
Pd .1 

59.99 
18.49 
6.02 
1. 65 
0.89 
4.66 
6.77 
0.90 
0.19 
0.19 

99.75 

164 
154 
695 

70 
89 

214 
173 

17 
0 
9 

38 
155 

0 

2.6 
2.3 
0.1 

40.1 
39.6 
3.2 
0.0 
0.0 
0.0 
0.0 
5. 1 
0.0 
6.1 
0.0 
0.4 
0.5 

423 
Cmp.05 

11.90 
82.30 
82.30 

0.51 
0.81 
2.50 

304726 
Pd.1 

59.61 
19.33 
5.36 
1. 10 
1.04 
5.00 
6.62 
0.60 
0.16 
0.10 

98.92 

194 
189 

1152 
86 

100 
228 
100 

19 
7 

19 
38 

130 
248 

1. 3 
2.3 
0.2 

39.5 
42.8 
4.6 
0.0 
0.0 
0.0 
0.0 
3.3 
0.0 
5.4 
0.0 
0.3 
0.2 

423 
Cmp.05 

9.30 
83.60 
83.60 

0.53 
0.80 
2.50 

304727 
Fs.1 

58.07 
16.40 
8.36 
0.59 
1. 95 
5.63 
5.90 
0.86 
0.36 
0.15 

98.27 

71 
204 
843 

65 
43 

178 
217 

12 

9 
38 

123 
213 

0.0 
0.0 
0.2 

35.6 
46.9 
2. 1 
0.9 
0.0 
4.2 
0.7 
0.0 
0.0 
8.6 
0.0 
0.7 
0.4 

423 
Cmp.05 

13.80 
83.30 
83.30 
0.59 
0.95 
2.50 

304732 
Fs.1 

58.52 
14.21 
8.25 
0.24 
2.02 
6.76 
4.12 
0.50 
0.37 
0.05 

95.04 

233 
553 

9677 
241 
111 
298 
295 

57 
52 
91 
36 

850 
1661 

1 .3 

0.0 
2.0 

25.3 
52.2 
0.0 
0.0 
6.5 
4.4 
2.1 
0.0 
0.0 
5.4 
0.0 
0.7 
0.1 

423 
Cmp. 10 

10.60 
85.30 
78.80 

0. 71 
1. 10 

2.50 



Whole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

304737 
Pd. 1 

Major elements (~t%) 

Si02 60.47 
Al203 15.54 
Fe203T 
MgO 
CoO 
No20 
1<20 
Ti02 
MnO 
P205 

Total 

7.95 
0.99 
1.68 
5.84 
5.25 
0.56 
0.26 
0.08 

98.62 

Trace ~lements (p.p.m) 
Ba 751 
Nb 191 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C. I .P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Oiopside 
Wollastonite 
Hypersthene 
Corundum 
Magnetite 
Hemot i te 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
Oiff. index 
No/(Na+K) 
(No+K)/AI 
Fe203/Fe0 

669 
83 
73 

209 
186 
22 

6 
15 
37 

138 
264 

3.0 
0. 1 

31.5 
50.2 
0.7 
0.0 
0.0 
5.6 
0. 1 
0.0 
0.0 

8. 1 

0.0 
0.5 
0.2 

423 
Cmp.10 

14.40 
84.70 
84.70 
0.63 
0.98 
2.50 

304748 
Fs. 1 

58.99 
16.01 
7.52 
0.57 
2.21 
5.85 
5.52 
0.95 
0.27 
0.19 

98.10 

1275 
152 
671 
-1 

191 

154 
199 

23 
3 
0 

32 
150 
254 

0. 1 
0. 1 

33.3 
50.5 

1 . 1 

0.0 
0.0 
4.7 
1.4 
0.0 
0.0 

7.7 
0.0 
0.5 
0.5 

423 
Cmp.07 

13.40 
83.95 
84.00 
0.62 
0.97 
2.50 

304754 
Pd. 1 

55.88 
22.42 
6.96 
1. 14 
0.47 
4.39 
6.20 
0.38 
0.24 
0.09 

98.17 

488 

276 
~241 

86 
170 
283 
140 

23 
6 

13 
43 
97 

250 

4. 1 
0.3 

37.3 
37.8 

1.9 
0.0 
0.0 
0.0 

0.0 
2.9 
8.0 
6.9 
0.2 
0.5 
0.2 

423 
Cmp.07 

10.46 
79.30 
79.30 
0.52 
0.62 
2.50 

304756 
Pd. 1 

60.87 
15.66 
8.09 
0.82 
1.59 
6.20 
5.03 
0.54 
0.22 
0.05 

99.07 

194 
449 

1489 
164 

37 
282 
334 

69 
24 
70 
47 

472 
812 

2.5 
0.3 

30.0 
53.0 
0.0 
0.0 
0.0 
4.7 
0.7 
0.0 
0.0 
8.2 
0.0 
0.4 
0. 1 

423 
Cmp.07 

13.40 
85.54 
85.50 
0.65 
1.00 
2.50 

304114 
Pd. 1 

56.05 
17.35 
8.00 
2.18 
1. 74 
3.34 
7.40 
1.15 
0.19 
0.36 

97.76 

2588 
112 
595 

63 
585 
185 
106 

16 
5 
7 

31 
95 

170 

1. 5 
0.1 

44.7 
28.9 
7.0 
0.0 
0.0 
0.0 
0.0 
6.9 
1. 4 

8.2 
0.0 
0.4 
0.9 

425 
Cmp. 10 

16.40 
75.17 
75.20 
0.41 
0.78 
2.50 

304115 
Fs .1 

59.73 
15.31 
tl.84 
0.0 
0.66 
7.45 
3.77 
0.20 
0.24 
0.0 

97.20 

35 
713 

3680 
344 

39 
738 
374 

20 
2 
2 

49 
373 
660 

2.0 
0.8 

22.9 
59.3 
0.0 
0.0 
4.8 
1. 3 
0.8 
0.0 
0.0 
7.7 
0.0 
0.5 
0.0 

425 
Cmp. 10 

9.53 
88.90 
84.10 
0.75 
1 .07 
2.50 

304116 
Pd. 1 

65.51 
15.19 
9.04 
0.84 
1.63 
7.79 
3.12 
0.14 
0.22 
0.0 

103.48 

34 
125 
680 

55 
27 

185 
247 

23 
0 
0 

69 
27 
83 

5.9 
0. 1 

17.8 
58.8 
0.0 
0.0 
4.4 
5.5 
0.4 
0.0 
0.0 
6.6 
0.0 
0.4 
0.0 

425 
Cmp. 10 

12.48 
86.99 
82.60 
0.79 
1. 07 
2.50 



~hole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

304117 
Pd.1 

Major elements (~t%) 

Si02 61.71 
Al203 11.92 
Fe203T 
MgO 
CoO 
No20 
K20 
Ti02 
MnO 
P205 
Total 

12.77 
1.04 
1. 22 
3.90 
4.58 
0.23 
0.05 
0.0 

97.42 

Trace elements (p.p.m) 
Bo 62 
Nb 1249 
Zr 7355 
y 710 
Sr 38 
Rb 371 
Zn 
Pb 
u 
Th 
Go 
La 

Ce 

C.I.P.~. norms 
Quartz 
Corundum 
Zircon 
Orthoclase 
Albite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 ivi ne 
Magnetite 
Hematite 
I I men i te 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
Diff. index 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

132 
29 

5 
5 

43 
1032 
1815 

18.2 
0.0 
1. 5 

27.6 
33.7 

1. 5 
0.0 
0.0 
3.6 
0.0 
1. 0 
0.0 

12.2 
0.6 
0. 1 

0.0 

425 
Cmp. 10 

16.90 
79.47 
79.50 
0.56 
0.95 
2.50 

304731 
Pd. 1 

59.04 
14.40 
10.02 
0.89 
2.29 
5.36 
5.93 
0.32 
0.29 
0.0 

98!54 

184 
821 
915 
133 

50 
581 
455 
100 
57 
48 
48 

152 
267 

2. 1 
0.0 
0.2 

35.6 
41.7 
0.0 
0.0 
3.9 
5.9 
1. 7 
0.0 
0.0 
8.3 
0.0 
0.6 
0.0 

425 
Cmp. 10 

14.80 
83.29 
79.40 
0.58 
1 .06 
2.50 

243141 
Fs.2 

56.50 
19.88 
4.12 
0.44 
1. 21 
8.98 
6.60 
0.26 
0.20 
0.12 

98.31 

810 
180 
981 

87 
362 
269 
133 

14 
9 

26 
38 

146 
274 

0.0 
0.6 
0.2 

39.7 
21.1 
0.0 

24.7 
7.0 
4.7 
0.0 
0.0 
1. 4 

0.0 
0.0 
0.4 
0.3 

431 
Cmp.02 

6.73 
92.44 
85.50 
0.67 
1. 10 
1 .50 

272404 
Pd.3 

56.51 
20.51 
5.62 
0.60 
1.45 
8.06 
5.94 
0.36 
0.18 
Ill. 11 

99.34 

587 
206 
881 

66 
290 
225 
144 

15 
6 
5 

43 
73 

157 

0.0 
0.0 
0.2 

35.4 
32.7 
2.3 

19.5 
0.0 
3.6 
0.0 
0.0 
1 .0 
4.7 
0.0 
0.3 
0.3 

431 
Cmp.17 

9.97 
87.60 
87.60 

0.67 
0.96 
1.50 

287157 
Fs.2 

56.83 
19.70 
4.61 
0.49 
1.15 
7.78 
6.28 
0.53 
0.18 
0.18 

97.73 

645 
285 

1250 
72 

230 
215 
141 
23 

8 
24 
36 

109 
210 

0.0 
0.0 
0.3 

38.0 
34.2 
0.3 

18.0 
0.0 
3.7 
0.0 
0.0 
0.9 
3.9 
0.0 
0.3 
0.4 

431 
Cmp.02 

9.30 
90.13 
90.10 
0.65 
0.99 
1. 50 

304753 
Fs. 1 

55.16 
20.55 
5.12 
0.35 
1 .52 
5.92 
6.13 
0.34 
0.22 
0.09 

95.41 

791 
244 

1001 
66 

438 
220 
133 

9 
5 

12 
35 
91 

174 

0.0 
1. 6 

0.2 
38.0 
37.6 
7.5 
8.1 
0.0 
0.0 
0.0 
0.0 
1. 8 
4.5 
0.0 
0.4 
0.2 

431 
Cmp.07 

6.93 
83.70 
83.70 
0.59 
0.80 
1.50 

304755 
Fs. 1 

56.63 
21.76 
4.26 
0.22 
0.94 
6.77 
6.00 
0.24 
0.19 
0.06 

97.07 

305 
155 
617 

42 
375 
125 
102 

9 
5 
7 

34 
98 

179 

0.0 
2.6 
0.1 

36.6 
40.9 
4.5 
9.8 
0.0 
0.0 
0.0 
0.0 
1. 3 
3.7 
0.0 

0.4 
0. 1 

431 
Cmp.07 

5.45 
87.30 
87.30 
0.63 
0.81 
1 .50 



Whole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

326059 
Pd.2 

Major elements (~t~) 

Si02 56.95 
Al203 20.22 
Fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

3.90 
0.49 
1 .43 
13.01 
6.09 
0.43 
0.17 
0.14 

97.83 

Trace elements (p.p.m) 
Ba 728 
Nb 247 
Zr 
v 
Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hemot i te 
llmeni te 
Apot i te 

Lith. code 
Camp site 
Co I our index 
Froc. index 
D iff. index 
Na/(Na+K) 
(No+K)/AI 
Fe203/Fe0 

1109 
69 

339 
160 
133 

18 
7 

17 
31 

127 
246 

0.0 
0.2 

36.8 

33.8 
1.3 

19.2 
0.0 
4.3 
0.0 
0.0 
0.4 
3.3 
0.0 
0.3 
0.3 

431 
Cmp. 12 

8.70 

89.80 
89.80 
0.67 
0.98 
1.50 

326121 
Pd.2 

55.71 
19.55 
5.53 
0.60 
1.55 
a. 11 

5.69 
0.52 
0.19 
0.14 

97.59 

249 
245 
951 

78 
132 
215 
158 

15 
7 
9 

33 
137 
269 

0.0 

0.2 
34.5 
33.6 

0.1 
19.9 
0.0 

5.7 
0.0 
0.0 
0.5 
4.7 

0.0 
0.4 
0.3 

431 
Cmp.13 

11.60 
88.00 

88.00 
0.68 
1.00 
1.50 

326124 
Pd.2 

53.45 
20.41 
5.28 
0.53 
2.17 
9.40 
5.67 
0.42 
0.19 
0.12 

97.64 

287 
189 
724 
188 
152 
233 
123 

13 
2 

33 
36 

374 
738 

0.0 
0.1 

34.4 
17.2 
0.0 

31.5 
5.5 
8.8 

0.0 
0.0 
0 0 1 
1 0 7 

0.0 

0.4 
0.3 

431 
Cmp. 13 

11 0 30 
88.60 
83.00 

0.72 
1.06 
1 0 50 

326049 
Pd.2 

56.12 
20.22 
4.80 
0.33 
1 .52 
7.98 
6.17 
0.28 
0.20 
0.12 

97.74 

245 
160 
551 

86 
108 
200 
129 

12 
3 

17 
30 

281 
477 

0.0 
0 0 1 

37.3 
31.7 

1 0 2 
20.3 
0.0 
4.3 
0.3 
0.0 
0.0 
4 0 1 

0.0 

0.4 
0.3 

432 
Cmp. 12 

9.07 
89.40 
89.40 
0.66 

0.98 
1.50 

54132 
Fs .1 

56.89 
20.01 

4.06 
0.36 
1.35 
7.77 

6.55 
0.52 
0.17 
0.12 

97.79 

705 
205 

1005 

56 
285 
166 
115 

16 
6 

11 

31 
83 

132 

0.0 
0.2 

39.6 
31.3 
0.4 

19.5 
0.0 
4.9 
0.0 
0.0 
0 0 1 
3.5 
0.0 
0.3 
0.3 

434 

Cmp.02 

9.06 
90.37 
90.40 
0.64 
0.99 
1.50 

54141 
fs.1 

53.83 
18.74 
7.88 
0.50 
1. 78 
7.46 
6.19 
0.71 
0.32 
0.14 

97.53 

236 
231 

1198 
123 
446 
238 
201 

17 
6 

13 
49 
85 

146 

0.0 
0.2 

37.5 
26.3 
0.0 

20.2 
1 0 1 
7.0 
0.0 
0.0 
0.5 
6.2 
0.0 
0.6 
0.3 

434 
Cmp.02 

14.70 
85.10 
84.00 
0.65 
1 0 01 
1 0 50 

243189 
Fs.2 

55.29 
20.13 
4.67 
0.73 
1 0 15 
8.52 
6.34 
0.33 
0.22 
0.09 

97.47 

489 
248 

1215 
80 

362 
231 
170 

25 

8 
29 
37 

134 
245 

0.0 
0.3 

38.4 
24.2 
0.0 

24.8 
3.5 
4.5 
0.0 
0.0 
1 0 5 

2.2 

0.0 
0.4 
0.2 

434 

Cmp.02 
8.83 

90.92 
87.40 
0.67 
1.04 
1.50 



Whole-rock geochemical analyses- Motzfeldt So Formation. 

Sample no. 
Disc type 

304003 
Fs.1 

Major elements (~t%) 

Si02 55.86 
Al203 20.53 
Fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

3.67 
0.43 
1.35 
8.37 
6.69 
0.59 
0.15 
0.12 

97.78 

Trace elements (p.p.m) 
Ba 902 
Nb 116 
Zr 
y 

Sr 
Rb 

Zn 
Pb 
u 
Th 
Go 

La 
Ce 

C. I .P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Corundum 
Hypersthene 
01 ivi ne 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
0 iff . index 
Na/(Na+K) 
(Na+K)/AI 
Fe203/Fe0 

563 
52 

338 
216 

93 
8 
4 
4 

28 
53 

109 

0.0 
0. 1 

40.5 
23.6 
0.0 

25.1 
2.3 
5.3 
0.0 
0.0 
0.6 
2.0 
0.0 
0.3 
0.3 

434 
Cmp.02 

8.45 
91.43 
89.20 
0.66 
1 0 02 
1 .50 

304009 
Fs.1 

52.58 
20.44 
5.90 
0.69 
1. 78 
9.21 
5.86 
0.28 
0.21 
0.03 

96.98 

471 
284 

1215 
82 

236 
244 
124 

9 
2 
7 

45 
68 

155 

0.0 
0.3 

35.7 
15.7 
0.0 

32.0 
4.9 
7.6 
0.0 
0.0 
0.7 
2.6 
0.0 
0.4 
0 0 1 

434 
Cmp.02 

11 0 36 
88.40 
83.50 
0.70 
1.05 
1.50 

326689 
Pd.2 

57.93 
19.68 
4.18 
0.60 
1 0 16 
6.92 
6.41 
0.53 
0.17 
0.16 

97.74 

899 
176 
794 

58 
328 
188 
125 

11 
8 

11 
30 
79 

151 

0.0 
0.2 

38.8 
38.2 
3.8 

11 0 8 
0.0 
1.0 
0.0 
0.0 
2.0 
3.6 
0.0 
0.3 
0.4 

434 
Cmp.02 

7.30 
88.70 
88.70 
0.62 
0.93 
1 0 50 

326096 
Pd.2 

56.37 
19.83 
4.91 
0.83 
1. 51 
7.40 
5.74 
0.69 
0.18 
0.20 

97.66 

910 
200 
909 

56 
392 
156 
137 

9 
8 
8 

30 
84 

176 

0.0 
0.2 

34.7 
36.7 
4.0 

14.9 
0.0 
2.1 
0.0 
0.0 
2.4 
4.2 
0.0 
0.4 
0.5 

434 
Cmp.02 

9.50 
86.30 
86.30 
0.66 
0.93 
1.50 

326092 
Pd.2 

56.78 
20.27 
4.75 
0.75 
1.46 
6.88 
5.93 
0.60 
0.18 
0.16 

97.76 

698 
225 
985 

54 
344 
174 
130 

11 
6 
6 

29 
79 

151 

0.0 
0.2 

35.9 
37.8 
6.5 

11.8 
0.0 
0.0 
0.2 
0.0 
2.8 
4.0 
0.0 
0.3 
0.4 

434 
Cmp.02 

7.63 
85.50 
85.50 
0.64 
0.88 
1.50 

326151 
Pd.2 

54.43 
18.30 
7.34 
0.64 
1 0 79 
7.69 
6.19 
0.55 
0.24 
0.15 

97.32 

242 
231 
649 

73 
86 

271 
136 

1 

2 
10 
36 
94 

205 

0.0 
0. 1 

37.7 
24.0 
0.0 

20.3 
4.9 
7.0 
0.0 
0.0 
1 0 4 
3.8 
0.0 
0.5 
0.4 

434 
Cmp.14 

13.04 
86.80 
81.90 

0.65 
1.06 
1.50 

304019 
Fs. 1 

58.18 
19.26 
5.52 
0.20 
1.01 
5.61 
5.61 
0.30 
0.18 
0.03 

95.91 

131 
628 

5022 
196 

81 
282 
277 
133 

21 
58 
51 

317 
558 

0.7 
1 0 0 

34.4 
49.3 
5.0 
0.0 
0.0 
0.0 
2.3 
2 0 1 
0.0 
4.8 
0.0 
0.4 
0. 1 

435 
Cmp.02 

7.30 
84.40 
84.40 
0.60 
0.79 
1 0 50 



~hole-roc~ geochemical analyses- Motzfeldt So Formation. 

Sample no. 304020 
Disc type Fs. 1 

Major elements (~:~t7.) 

Si02 55.44 
A1203 19.71 
Fe203T 5.33 
MgO 0.81 
CoO 2.03 
No20 7.13 
1<20 6.32 
Ti02 0.99 
MnO 0.21 
P205 0.26 

Toto I 98.24 

Trace eiGfllents (p.p.m) 
Bo 575 
Nb 116 
Zr 487 
y 44 
Sr 193 
Rb 159 
Zn 113 
Pb 7 
u 2 
Th 3 
Go 25 
Lo 65 
Ce 123 

C. I .P.~. norms 
Quartz 0.0 
Zircon 0.1 
Orthoclase 38.0 
AI bite 29.1 
Anorthite 3.2 
Nephe I i ne 17.5 
Acm i te 0.0 
Diopside 4.6 
Wollastonite 0.0 
Hypersthene 0.0 
01 ivine 1. 9 
Magnetite 4.5 
Hematite 0.0 
Ilmenite 0.4 
Apatite 0.6 

Lith. code 435 
Camp site Cmp.02 
Colour index 12.00 
Froc. index 84.70 
0 iff. index 84.70 
No/(No+K) 0.63 
{No+K)/AI 0.94 
Fe203/Fe0 1.50 



Whole-rock geochemical analyses- Flinks Dol Formation. 

Sample no. 
Disc type 

304127 
Fs. 1 

Major elements (~t%) 
Si02 56.14 
Al203 20.39 
Fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

5.42 
0.37 
1.37 
8.00 
5.49 
0.49 
0.27 
0.18 

98.12 

Trace elements (p.p.m) 
Ba 671 
Nb 237 
Zr 
y 

Sr 
Rb 

Zn 
Pb 
u 
Th 
Ga 
La 
Ce 

C. I .P .W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Corundum 
Hypersthene 
01 ivi ne 
Magnetite 
Hematite 
limen i te 
Apatite 

lith. code 
Camp site 
Colour index 
F roc. index 
D iff . index 
Na/(Na+K) 
(No+K)/AI 
Fe203/Fe0 

714 
72 

339 
170 
139 

13 
2 

10 
35 

136 
245 

0.0 
0.1 

33.1 
36.4 
3.6 

17.7 
0.0 
2.0 
0.0 
0.0 
2.3 
3.8 
0.0 
0.5 

0.4 

511 
Cmp.07 

9.10 
87.20 
87.20 

0.69 
0.94 
1.00 

304024 
Fs.1 

54.70 
19.86 
5.45 
0.48 
1.49 
8.51 
5.88 
0.56 
0.26 
0.21 

97.41 

966 
213 
795 

67 
452 
180 
167 

15 
8 
7 

35 
112 
236 

0.0 
0.2 

35.7 
26.4 
0.0 

24.3 
2.3 

5.5 
0.0 
0.0 
1 .8 
2.7 
0.0 
0.5 
0.5 

514 
Cmp.02 

11 .00 
88.83 
86.50 
0.69 

1 .03 
1 .00 

304036 
Fs. 1 

55.16 
20.55 
5.05 
0.46 
1 .29 
9.06 
6.10 
0.46 
0.26 
0.14 

98.53 

664 
193 
771 

65 
354 
189 
156 

12 
6 

5 
34 

117 
234 

0.0 
0.2 

36.7 
22.1 
0.0 

27.5 
4.4 
4.9 
0.0 
0.0 

2. 1 
1.3 
0.0 
0.5 
0.3 

514 

Cmp.02 
9.20 

90.77 
86.30 
0.69 
1 .05 
1 .00 

304749 
Fs.1 

53.83 
18.82 
6.61 
0.88 
2.09 
6.74 
5.66 
0.79 
0.29 
0.43 

96.14 

1219 
226 
963 

73 
809 
176 

174 
13 

8 
6 

34 

125 
245 

0.0 
0.2 

34.8 
32.8 
4.6 

14.4 
0.0 
3.0 
0.0 
0.0 
3.8 
4.7 

0.0 
0.6 
1.1 

514 
Cmp.02 

13.20 
82.10 
82.10 
0.64 
0.91 
1 .00 

304758 
Pd .1 

55.46 
21.65 
5.87 
0.85 
1 .63 
6.99 
6.15 
0.44 
0.24 
0.12 

99.40 

687 
206 
812 

66 
541 
195 
165 

14 

6 
7 

35 
111 
233 

0.0 
0.2 

36.6 

30.2 
7.5 

15.9 
0.0 
0.0 
0.8 
0.0 
4.0 
4.1 
0.0 
0.5 
0.3 

514 
Cmp.02 

8.80 
82.80 
82.70 
0.63 

0.84 
1.00 

326042 
Pd.2 

57.73 
20.63 
4.19 
0.52 
1.37 
6.55 
6.14 
0.42 
0.19 
0.14 

97.88 

350 
185 
673 

60 
207 
178 
123 

10 
2 
7 

32 
115 
218 

0.0 
0.1 

37.1 
40.1 

6. 1 
9.0 
0.0 
0.0 
1 . 1 
0.0 

2.9 
2.9 
0.0 
0.4 
0.3 

514 
Cmp .12 

6.50 

86.20 
86.20 
0.62 
0.84 
1 .00 

326058 
Pd.2 

56.24 
20.19 
4.74 
0.46 
1 . 11 
8.65 
5.63 
0.38 
0.23 
0.16 

97.79 

571 
194 
763 

77 

284 
197 

141 
0 
6 
4 

34 

128 
261 

0.0 
0.2 

34.1 
34.1 
0.0 

21.8 
0.6 
4.0 
0.0 
0.0 
1. 5 
3.0 
0.0 
0.4 
0.4 

514 
Cmp. 12 

9.30 
90.50 
89.90 
0.70 
1. 01 
1 .00 



Whole-rock geochemical analyses- Fl inks Dol Formation. 

Sample no. 
Disc type 

326069 
Pd.2 

Major elements (~t%) 
Si02 54.79 
Al203 17.86 
Fe203T 7.16 
~gO 0.71 
CoO 1.60 
No20 
K20 
Ti02 
MnO 
P205 
Total 

9.05 
4.89 
0.60 
0.32 
0.34 

97.32 

Trace alaments (p.p.rn) 
Ba 1010 
Nb 310 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 

La 
Ce 

C . I . P. ~. norms 
Corundum 
Sod. metasil. 
Zircon 
Orthoclase 
Albite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 ivi ne 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Co I our index 
Froc. index 
Diff. index 
No/(No+K) 
(Na+K)/AI 
Fe203/Fe0 

1098 
95 

483 
215 
241 

12 
10 
10 
45 
-1 
-1 

0.0 
0.2 
0.2 

29.7 
26.9 
0.0 

21.5 
10. 1 

5.3 
0.0 
0.0 
4.6 
0.0 
0.0 
0.6 
0.8 

514 
Cmp. 12 

11.41'l 
88.4e 
78.10 
0.74 
1. 13 
1 .00 

326074 
Pd.2 

56.54 
19.96 
4.68 
0.56 
1.18 
8.09 
5.91 
0.46 
0.21 
0.17 

97:76 

806 
168 
657 

66 
356 
188 
144 

9 
6 
5 

34 
113 
227 

0.0 
0.0 
0.1 

35.8 
34.6 
0.7 

19.2 
0.0 
3.7 
0.0 
0.0 
1. 8 
3.3 
0.0 
0.4 
0.4 

514 
Cmp.02 

9.60 
89.60 
89.60 
0.68 
0.99 
1.00 

326077 
Pd.2 

56.38 
19.62 
4.85 
0.58 
1.15 
8.62 
5.64 
0.44 
0.23 
0.17 

97.68 

730 
232 
948 

69 
404 
183 
174 

16 
7 

10 
36 

127 
237 

0.0 
0.0 
0.2 

34.2 
32.3 
0.0 

21.1 
3.1 
4.1 
0.0 
0.0 
2.3 
1 . 9 

0.0 
0.4 
0.4 

514 
Cmp.02 

9.20 
90.60 
87.50 

0.70 
1.03 
1 .00 

326078 
Pd.2 

55.51 
19.74 
5.23 
0.55 
1. 21 
9.03 
5.46 
0.50 
0.25 
e. 19 

97.67 

616 
243 

1022 
69 

339 
183 
186 

13 
10 

6 
34 

132 
252 

0.0 
0.0 
0.2 

33.1 
28.7 
0.0 

23.9 
4.8 
4.3 
0.0 
0.0 
2.8 
1. 3 
0.0 
0.5 
0.5 

514 
Cmp.02 

9.3e 
90.50 
85.70 

0.72 
1.05 
1.00 

326146 
Pd.2 

57.14 
21.42 
4.50 
0.60 
1 .35 
6.20 
5.97 
0.44 
0.22 
0.15 

97.99 

877 
165 
656 

57 
655 
175 
138 

8 
5 
2 

32 
102 
207 

2.7 
0.0 
0.1 

36.0 
41.5 
6.0 
6.5 
0.0 
0.0 
0.0 
0.0 
3. 1 
3.2 
0.0 
0.4 
0.4 

514 
Cmp. 14 

7.10 
84.10 
84.10 

0.61 
0. 78 
1.00 

326173 
Pd.2 

56.16 
19.29 
4.83 
0.65 
1.25 
13.46 
6.06 
0.47 
0.24 
0.18 

97.59 

764 
174 
739 

71 
393 
177 
170 

14 
5 

17 
33 

129 
255 

0.0 
0.0 
0.2 

36.7 
26.8 
0.0 

21.9 
5.5 
4.5 
0.0 
0.0 
2.8 
0.6 
0.0 
0.5 
0.4 

514 
Cmp. 15 

8.90 
90.90 
85.40 
0.68 
1.06 
1.00 

304751 
Fs.1 

54.02 
18.76 
7. 11 
0.26 
1.24 
7.88 
5.33 
0.42 
0.46 
0.07 

95.54 

358 
596 

2814 
148 
348 
264 
359 

39 
19 
37 
46 

277 
536 

0.0 
0.0 
0.6 

33.0 
35.3 

0.1 
18.6 
0.0 
5.2 
0.0 
0.0 
0.6 
5.6 
0.0 
0.9 
0.2 

521 
Cmp.07 

12.41 
86.9e 
86.90 
0.69 
1 .00 
1 .20 



~hole-rock geochemical analyses- Flinks Dol Forfflotion. 

Sample no. 
Disc type 

326129 
Pd.2 

Major elements (~t%) 

Si02 54.04 
A1203 20.10 
Fe203T 
MgO 
CoO 
No20 
1<20 
Ti02 
MnO 
P205 

Total 

6.67 
0.32 
1.26 
9.17 
5.43 
0.25 
0.33 
0.06 

97.63 

Trace elements (p.p.m) 
Bo 16 
Nb 330 
Zr 
y 

Sr 
Rb 

Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C . I . P. ~. norms 
Corundum 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 iv i ne 
Magnetite 
Hemet i te 
Ilmenite 
Apot i te 

Lith. code 
Camp site 
Colour index 
Froc. index 
Diff. index 
Na/(Na+K) 
(Na+K)/AI 
Fe203/Fe0 

1144 
149 
36 

277 
195 

22 
4 

29 
43 

261 
518 

0.0 
0.2 

32.9 
25.6 
0.0 

26.8 
4.0 
5.2 
0.0 
0.0 
1. 3 
3. 1 
0.0 
0.6 
0.1 

521 
Cmp. 13 

10.20 
89.50 
85.30 

0.72 
1.04 
1. 20 

304005 
Fs.1 

54.59 
21.84 
5.04 
0.17 
0.93 
6.63 
5.92 
0.26 
0.25 
0.05 

95.68 

208 
202 

1038 
106 
386 
206 
170 

16 
2 

12 
43 
91 

148 

3. 1 
0.2 

36.6 
37.8 
4.5 

11.3 
0.0 
0.0 
0.0 
0.0 
1. 9 

4.0 
0.0 
0.5 
0.1 

522 
Cmp.02 

6.50 
85.80 
85.70 
0.63 
0.79 
1.20 

304010 
Fs.1 

57.95 
19.99 
5.95 
0.35 
0.63 
6.56 
4.90 
0.35 
0.29 
0.05 

97.01 

424 
195 
867 
-1 

213 
150 
185 

11 
4 

0 
37 

181 
315 

2.9 
0.2 

29.9 
55.0 
3.0 
1. 3 
0.0 
0.0 
0.0 
0.0 
2.5 
4.6 
0.0 
0.6 
0.1 

522 
Cmp.02 

7.80 
86.10 
86.10 
0.67 
0.80 
1 .20 

326081 
Pd.2 

55.23 
19.86 
5.50 
0.47 
1. 26 
9.39 
5.23 
0.33 
0.29 
0.09 

97.65 

105 
342 

1360 
95 

142 
224 
209 

21 
9 

19 
41 

206 
421 

0.0 
0.3 

31.7 
27.7 
0.0 

25.5 
5.8 
5.0 
0.0 
0.0 
1 .9 

1.3 
0.0 
0.6 
0.2 

524 
Cmp.02 

9.00 
90.70 
84.90 
0.73 
1. 06 
1. 20 

326104 
Pd.2 

56.20 
22.24 
5.31 
0.61 
1 .28 
5.87 
5.83 
0.37 
0.25 
0.07 

98.03 

376 
185 
627 

55 
397 
202 
137 

6 
3 

37 
88 

185 

4.2 
0.1 

35.2 
42.2 

6. 1 
4.6 
0.0 
0.0 
0.0 
0.0 
2.8 
4. 1 

0.0 
0.5 
0.2 

524 
Cmp.02 

7.60 
80.00 
82.00 
0.60 
0.72 
1 .20 

326105 
Pd.2 

57.50 
20.27 
4.59 
0.45 
0.91 
7.30 
6.22 
0.24 
0.24 
0.07 

97.79 

400 
251 

1055 
74 

324 
228 
164 

12 
5 
6 

38 
134 
269 

0.0 
0.2 

37.6 
37.8 
4.2 

13.7 
0.0 
0.0 
0.0 
0.0 
2.2 
3.5 
0.0 
0.5 
0.2 

524 
Cmp.02 

6.30 
89.20 
89.20 
0.64 
0.92 
1. 20 

326113 
Pd.2 

53.81 
21. 19 
6.93 
0.23 
1 .20 
13.52 
4.96 
0.66 
0.28 
0.06 

97.84 

62 
388 
603 
151 
86 

290 
249 

22 
7 

21 
51 

262 
634 

0.0 
0.1 

30.0 
33.5 
5.0 

21.8 
0.0 
0.6 
0.0 
0.0 
2.8 
5.3 
0.0 
0.5 
0.1 

524 
Cmp.13 

9.40 
85.40 
85.40 
0. 72 
0.91 
1.20 



Whole-rock geochemical analyses- Fl inks Dol Formation. 

Sample no. 
Disc type 

326114 
Pd.2 

Major elements (~t%) 
Si02 51.74 
Al203 20.13 
Fe203T 
MgO 
CoO 
No20 
K20 
Ti02 
MnO 
P205 

Total 

9.98 
0.60 
2.06 
8.05 
4.05 
0.63 
0.35 
0.07 

97.66 

Trace elements (p.p._m) 
Bo 55 
Nb 267 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 

La 
Ce 

C. I.P.W. norms 
Corundum 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hemot i te 
Ilmenite 
Apot i te 

Lith. code 
Camp site 
Colour index 
Froc. index 
D iff. index 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

1385 
79 

130 
243 
310 

16 
9 
9 

50 
123 
233 

0.0 
0.3 

24.6 
34.1 
7.0 

19.4 
0.0 
2.6 
0.0 
0.0 
3.4 
7.7 

0.0 
0.7 
0.2 

524 
Cmp.13 

14.60 
78.10 
78.10 
0.75 
0.88 
1.20 

326133 
Pd.2 

56.05 
20.15 

5.20 
0.34 
1.17 
8.53 
5.81 
0.23 
0.19 
0.06 

97.73 

24 
193 
743 

59 
24 

237 
149 

13 
2 
5 

39 
69 

136 

0.0 
0.2 

35.2 
32.4 
0.0 

22.0 
0.8 
4.7 
0.0 
0.0 
0.6 
3.6 
0.0 
0.4 
0. 1 

524 
Cmp. 14 

9.40 
90.40 
89.60 
0.69 
1. 01 
1.20 

326147 
Pd.2 

55.61 
20.42 

6.19 
0.26 
1.15 
8.06 
5.50 
0.25 
0.24 
0.07 

97.75 

22 
156 
789 

66 
23 

251 
156 

6 

2 
0 

43 
79 

168 

0.0 
0.2 

33.3 
36.0 
3.4 

18.4 
0.0 
1. 7 
0.0 
0.0 
1 . 6 
4.8 
0.0 
0.5 
0.2 

524 
Cmp.14 

8.80 
87.70 
87.70 
0.69 
0.94 
1.20 

326195 
Pd.2 

60.46 
14.26 
7.89 
0.32 
1.34 
6.80 
5.02 
0.53 
0.25 
0.09 

96.96 

47 
245 

1196 
103 
39 

202 
242 

21 
8 

22 
41 

270 
496 

0.0 
0.2 

30.7 
46.9 
0.0 
0.0 

11. 1 

5.5 
0.0 
3. 1 
1 .2 

0.6 
0.0 
0.5 
0.2 

521 
Cmp. 15 

1 1 . 10 

88.60 
77.60 

0.67 
1.17 
1 .20 

326196 
Pd.2 

56.37 
19.66 
4.99 
0.59 
1.10 
8.34 
5.85 
0.39 
0.24 
0.16 

97.69 

638 
211 
814 

70 
219 
208 
171 

12 
4 

10 
36 

129 
256 

0.0 
0.2 

35.4 
33.0 
0.0 

20.2 
1.8 
3.9 
0.0 
0.0 
1. 7 

2.9 
0.0 
0.5 
0.4 

524 
Cmp. 15 

9.40 
90.40 
88.60 
0.68 
1. 02 
1.20 

304106 
Fs. 1 

55.92 
18.56 
8.53 
0.32 
1.68 
5.64 
5.64 
0.71 
0.23 
0.10 

97.33 

365 
185 
738 

50 
448 
151 
123 

13 
2 
7 

39 
105 
185 

0.3 
0.2 

34.4 
41.3 
8.0 
4.3 
0.0 
0.0 
0.0 
0.0 
5.5 
5.3 
0.0 
0.5 
0.2 

531 
Cmp.07 

11.50 
80.00 
80.00 
0.60 
0.83 
0.80 

304107 
Fs. 1 

54.24 
18.83 
4.36 
0.72 
1.58 
6.32 
6.94 
0.68 
0.16 
0.28 

94. 11 

1108 
125 
552 

44 
215 
140 

67 
9 
4 
4 

26 
63 

118 

0.0 
0. 1 

43.6 
27.2 
2.7 

16. 1 

0.0 
3.4 
0.0 
0.0 
3. 1 
2.8 
0.0 
0.3 
0.7 

531 
Cmp.07 

10.30 
86.90 
86.90 
0.58 
0.95 
0.80 



~hole-rock geochemical analyses- Flinks Dol Formation. 

Sample no. 304125 304131 272491 272510 304113 
Disc type Pd .1 Pd. 1 Pd .1 Pd.3 Fs.1 

Major elements (t'$t%) 
Si02 55.40 54.37 55.27 57.24 56.60 
Al203 18.78 18.34 22.04 20.22 21 .18 
Fe203T 5.95 7.32 4.01 4.77 4.17 
MgO 0.96 0.93 0.60 0.44 0.30 
CoO 2.13 2.14 1.15 1 .03 0.90 
No20 6.90 7.63 9.58 9.11 5.80 
1<20 5.89 5.53 5.74 5.80 6.48 
Ti02 0.62 1.07 0.43 0.34 0.42 
MnO 0.24 0.33 0.14 0.20 0.17 
P205 0.26 0.51 0.14 0.14 0.21 

Total 97.13 98.17 99.10 99.29 96.22 

Trace elements (p.p.lil) 
Ba 779 408 725 450 1264 
Nb 187 313 160 282 185 
Zr 775 648 634 1365 747 
y 63 77 49 68 59 
Sr 405 239 405 244 691 
Rb 147 168 168 219 210 
Zn 135 145 107 108 115 
Pb 9 16 9 9 11 
u 3 4 4 6 5 
Th 7 10 10 0 7 
Go 30 24 38 40 31 
La 122 185 71 84 81 
Ce 235 429 136 170 155 

C. I .P.I<'J. norms 
Corundum 0.0 0.0 0.0 0.0 3.5 
Zircon 0.2 e. 1 0.1 0.3 0.2 
Orthoclase 35.9 33.4 34.3 34.5 39.8 
AI bite 32.6 30.4 26.3 29.2 41.2 
Anorthite 3.0 0.0 0.2 0.0 3.5 
Nepheline 15.0 18.7 30.1 23.3 5.3 
Acm i te 0.0 0.9 0.0 4.8 0.0 
Diopside 5.4 6.4 4. 1 3.7 0.0 
Wollastonite 0.0 0.0 0.0 0.0 0.0 
Hypersthene 0.0 0.0 0.0 0.0 0.0 
01 i vine 3.2 4.1 1. 9 2.9 3.0 
Magnetite 3.7 4.1 2.5 0.5 2.6 
Hematite 0.0 0.0 0.0 0.0 0.0 
limen i te 0.5 0.6 0.3 0.4 0.3 
Apatite 0.6 1.2 0.3 0.3 0.5 

Lith. code 531 531 534 534 534 
Camp site Cmp.07 Cmp.07 Cmp. 12 Cmp. 12 Cmp.07 
Colour inde)( 13.40 16.50 9.00 7.90 6.50 
Frac. inde)( 83.50 83.40 90.70 91.90 86.40 
D iff. inde)( 83.50 82.50 90.70 87.10 86.40 
No/(Na+K) 0.64 0.68 0.72 0.70 0.58 
(No+K)/AI 0.94 1 .01 1.00 1.05 0.78 
Fe203/Fe0 0.80 0.80 0.80 0.80 0.80 



Whole-rock geochemical analyses- Alkol i-gabbro dyke. 

Sample no. 
Disc type 

58083 
Pd.3 

Major elements (~t~) 
Si02 52.12 
Al203 16.08 
Fe203T 
MgO 
CoO 
No20 
K20 
Ti02 
MnO 
P205 

Total 

9.66 
3.03 
4.77 
4.82 
4.58 
2.92 
0.26 
1. 76 

100.00 

Trace elements (p.p.m) 
Bo 4965 
Nb 97 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C. I .P .W. norms 
Quartz 
Zircon 
Orthoclase 
Albite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wo I I aston i t e 
Hypersthene 
01 ivine 
Mognetite 
Hematite 
I I men i te 
Apot i te 

Lith. code 
Camp site 
Colour index 
Froc. index 
Diff. index 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

634 
44 

3280 
84 

156 
3 

19 
0 

23 
97 

168 

0.0 
0.1 

27.2 
30.2 
8.7 
5.8 
0.0 
3.8 
0.0 
0.0 

17.3 
2. 1 
0.0 
0.5 
4.2 

611 
Cmp.12 

23.90 
63.20 
63.20 

0.62 
0.80 
0.20 

58116 
Pd.3 

47.02 
16.36 
13.84 

5.31 
7.54 
3.85 
1.99 
2.83 
0.17 
1 .49 

100.40 

1520 
30 

272 
26 

1191 
27 
75 

2 
5 
0 

19 
32 
57 

0.0 
0.1 

11.8 
25.1 
21.6 

4.2 
0.0 
5.5 
0.0 
0.0 

24.8 
3.1 
0.0 
0.3 
3.5 

611 

Cmp. 12 
37.30 
41. 10 
41. 10 
0.75 
0.52 
0.20 

59631 
Pd.3 

48.34 
18.10 
11.59 
3.74 
9.06 
3.99 
1. 51 
2.54 
0.13 
1 .27 

100.27 

1263 
21 

279 
20 

1572 
18 
61 
0 

10 
0 

17 
22 
57 

0.0 
0. 1 
9.0 

28.0 
27.2 
3.2 
0.0 
8.4 
0.0 
0.0 

18.3 
2.6 
0.0 
0.2 
3.0 

611 
Cmp.12 
32.60 
40.20 
40.20 
0.80 
0.45 
0.20 

59602 
Pd.3 

48.38 
18.64 
11 .47 
3.52 
9.15 
3.99 
1.36 
2.28 
0.12 
1.10 

100.01 

1292 
19 

275 
18 

1603 
17 
61 

8 
0 

19 
18 
44 

0.0 
0.1 
8.1 

28.5 
29.2 
3.0 
0.0 
8.2 
0.0 
0.0 

17.6 
2.6 
0.0 
0.2 
2.6 

614 
Cmp. 12 

31.20 
39.60 
39.60 
0.82 
0.43 
0.20 

272493 
Pd.3 

47.11 
16.46 
13.30 
4.07 
8.16 
4.39 
1.95 
2.83 
0.16 
1.91 

100.34 

1555 
30 

272 
29 

1108 
29 
77 

6 
7 
0 

20 
35 
68 

0.0 
0. 1 

11.6 
25.9 
19.6 
6.2 
0.0 
7.6 
0.0 
0.0 

21 .3 
3.0 
0.0 
0.3 
4.5 

614 
Cmp. 12 

36.70 
43.70 
43.70 
0.77 
0.57 
0.20 

272513 
Pd.3 

47.01 
16.50 
13.83 
4.20 
7.96 
3.98 
1.94 
2.77 
0.16 
1. 74 

100.09 

Hi65 
31 

246 
29 

1099 
24 
73 

0 
7 
0 

20 
40 
68 

0.0 
0.0 

11.6 
26.5 
21.6 
4.0 
0.0 
6.0 
0.0 
0.0 

22.6 
3. 1 
0.0 
0.3 
4.2 

614 
Cmp.12 

36.20 
42.10 
42.10 
0.76 
0.52 
0.20 

272527 
Pd.3 

45.61 
16.40 
14.82 
4.51 
8.25 
3.91 
1.83 
3.16 
0.17 
1.84 

100.50 

1551 
29 

259 
-1 

1136 
25 
85 

0 
7 

0 
18 
36 
61 

0.0 
0.1 

10.9 
22.5 
21.9 
5.8 
0.0 
6.3 
0.0 
0.0 

24.5 
3.3 
0.0 
0.3 
4.4 

614 
Cmp.12 

38.80 
39.20 
39.20 
0.76 
0.51 
0.20 



~hole-rock 9eochemicol analyses- Lorvikite rin9-dyke. 

Sample no. 58036 58062 272429 
Disc type Pd.3 Pd.3 Pd.3 

Major elements (I'Jt%) 
Si02 51. 10 53.87 54.22 
Al203 15.82 16.51 17.25 
Fe203T 12.07 11.19 8.92 
MgO 2. 72 1. 41 2.04 
CoO 5.65 4.25 4.92 
No20 4.38 4.85 4.47 
K20 3.92 4.56 4.54 
Ti02 2.47 1 .95 2.07 
MnO 0.29 0.30 0.18 
P205 1.89 1 .24 1.24 

Total 100.31 100.13 99.85 

Trace elements (p.p.m) 
Ba 4596 3216 4006 
Nb 49 108 68 
Zr 334 467 429 
y 35 52 37 
Sr 1362 1072 1841 
Rb 43 110 84 
Zn 141 173 97 
Pb 2 8 2 
u 5 6 11 
Th 0 0 0 

Go 20 28 24 
La 64 87 47 
Ce 115 138 99 

C.I.P.W. norms 
Quartz 0.0 0.0 0.0 
Zircon 0. 1 0 . 1 0 . 1 
Orthoc I ose 23.2 27.1 27.0 
AI bite 32.5 37.0 36.2 
Anorthite 12.0 9.9 13.7 
Nephe I i ne 2.5 2.3 1.0 
Acmi te 0.0 0.0 0.0 
Diopside 4.0 3.3 3.0 
Wo I I aston i te 0.0 0.0 0.0 
Hypersthene 0.0 0.0 0.0 
01 i vine 16.9 13.4 13.0 
Magnetite 3.7 3.5 2.8 
Hematite 0.0 0.0 0.0 
Ilmenite 0.6 0.6 0.3 
Apatite 4.5 3.0 3.0 

lith. code 624 624 624 
Camp site Cmp. 17 Cmp. 17 Cmp. 17 
Colour index 29.70 23.70 22. 10 
Frac. index 58.30 66.40 63.40 
D iff. index 58.30 66.40 64.20 
No/(No+K) 0.63 0.62 0.60 
(Na+K)/AI 0.72 0.78 0.71 
Fe203/Fe0 0.30 0.30 0.30 



Whole-rock geochemical analyses- Laminated alkali syeni~e. 

Sample no. 
Disc type 

63720 
Pd.J 

Major elements (~t%) 
Si02 61 .05 
Al203 15.91 
fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

8.52 
0.34 
1. 75 
6.00 
5.29 
0.70 
0.25 
0.09 

99.90 

Trace elements (p.p.rn) 
Bo 160 
Nb 177 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C. I • P. W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Co I our i nde )( 
Frac. index 
Diff. index 
Na/(Na+K) 
(Na+K)/AI 
Fe203/Fe0 

631 
74 
35 

217 
202 

17 
0 
3 

40 
146 
322 

0.0 
0.1 

31.5 
51.1 
0.9 
0.0 
0.0 
6.4 
0.0 
3.2 
2.8 
3.3 
0.0 
0.5 
0.2 

631 
Cmp.06 

16.50 
82.60 
82.50 
0.63 
0.98 
0.40 

304735 
Pd.1 

57.31 
13.98 
10.37 

1.17 
2.09 
5.04 
5.41 
0.87 
0.31 
0.12 

96.67 

466 
225 
922 

97 
80 

227 
257 

22 
5 

13 
40 

169 
342 

0.0 
0.2 

33.3 
43.5 
0.0 
0.0 
0.8 
8.7 
0.0 
3.3 
5.6 
3.7 
0.0 
0.6 
0.3 

632 
Cmp. 10 

22.20 
77.60 
76.80 
0.59 
1.01 
0.40 

58399 
Pd.J 

60.86 
16.02 
8.26 
0.61 
2.15 
5.52 
5.56 
0.53 
0.21 
0.16 

99.88 

515 
222 
503 

88 
98 

231 
202 

21 
3 

22 
38 

205 
384 

0.0 
0.1 

33.1 
47.0 
2.5 
0.0 
0.0 
6.3 
0.0 
6.5 
0.5 
3.2 
0.0 
0.4 
0.4 

634 
Cmp.06 

17.03 
80.10 
80.10 
0.60 
0.94 
0.40 

58400 
Pd.3 

60.27 
15.65 
9.16 
0.53 
2.20 
5.57 
5.24 
0.89 
0.31 
0.17 

99.99 

648 
202 
595 

79 
77 

202 
235 

29 
3 
8 

35 
150 
278 

0.0 
0.1 

31. 1 
47.4 
2.2 
0.0 
0.0 
6.8 
0.0 
6.7 
1 .0 
3.5 
0.0 
0.6 
0.4 

634 
Cmp.06 

19. 10 
78.50 
78.50 
0.62 
0.95 
0.40 

304078 
fs. 1 

59.72 
16.02 
7.42 
0.13 
1.95 
6.72 
5.07 
0.46 
0.19 
0.01 

97.70 

61 
537 

1487 
163 

37 
433 
211 

17 
11 
25 
45 

288 
541 

0.0 
0.3 

30.8 
47.9 
0.0 
4.2 
2.5 
8.8 
0.0 
0.0 
3.5 
1. 7 
0.0 
0.4 
0.0 

634 
Cmp.06 

14.40 
75.30 
82.90 
0.67 
1.03 
0.40 

304085 
fs.1 

60.25 
15.77 
7.85 
0.30 
2.02 
6.17 
5.39 
0.65 
0.27 
0.07 

98.76 

102 
106 
259 

53 
35 

169 
152 

4 
0 
2 

34 
119 
267 

0.0 
0. 1 

32.4 
49.0 
0.0 
1. 7 
1. 0 
8.6 
0.0 
0.0 
4.0 
2.6 
0.0 
0.5 
0.2 

634 
Cmp.06 

15.90 
84.00 
83.10 
0.64 
1.01 
0.40 

304089 
fs. 1 

59.94 
15.55 
8.04 
0.31 
2.05 
6.22 
5.18 
0.79 
0.29 
0.09 

98.46 

213 
176 
378 
-1 
47 

174 
162 

11 
5 
0 

38 
130 
280 

0.0 
0.1 

31.2 
49.5 
0.0 
1.5 
1. 3 
8.6 
0.0 
0.0 
4.5 
2.5 
0.0 
0.6 
0.2 

634 
Cmp.06 

16.40 
83.60 
82.20 
0.65 
1 .02 
0.40 



~hole-rock geochemical analyses - Laminated alkol i syenite. 

Sample no. 304717 304718 304738 
Disc type fs. 1 Fs.1 Fs.1 

Major elements (wt%) 
Si02 59.00 60.73 60.03 
Al203 15.18 15.81 15.37 
Fe203T 9.00 6.25 8.10 
MgO 0.43 0.26 0.40 
CoO 2.04 2.05 1.95 
No20 6.44 6.38 6.43 
K20 4.93 5.47 5.09 
Ti02 0.83 0.37 0.75 
MnO 0.30 0.21 0.26 
P205 0.13 0.04 0.15 

Total 98.27 97.57 98.54 

Trace elements (p.p:m) 
18a 467 298 240 
Nb 382 178 280 
Zr 1123 1695 763 
y 120 89 91 
Sr 71 74 43 
Rb 221 251 194 
Zn 288 201 217 
Pb 30 41 20 
u 8 4 6 
Th 46 27 20 
Go 35 35 32 
La 302 183 194 
Ce 576 348 345 

C. I .P.W. norms 
Quartz 0.0 0.0 0.0 
Zircon 0.2 0.3 0.2 
Orthoclase 29.8 33.2 30.7 
Albite 46.6 48.2 48.5 
Anorthite 0.0 0.0 0.0 
Nephe I i ne 2.8 2.2 1.8 
Acm i te 3.4 2.8 3.3 
Diopside 8.4 9.0 7.8 
Wollastonite 0.0 0.0 0.0 
Hypersthene 0.0 0.0 0.0 
01 ivi ne 6.0 2.7 5.4 
Mognetite 1.8 1. 0 1.5 
Hematite 0.0 0.0 0.0 
Ilmenite 0.6 0.4 0.5 
Apatite 0.3 0. 1 0.4 

Lith. code 634 634 634 
Camp site Cmp. 10 Cmp. 10 Cmp.10 
Colour index 17.20 13.20 15.60 
Frac. index 82.60 86.40 84.20 
D iff. index 79.20 83.60 80.90 
Na/(Na+K) 0.67 0.64 0.66 
(Na+K}/AI 1 .05 1.04 1.05 
Fe203/Fe0 0.40 0.40 0.40 



Whole-rock geochemical analyses- Laminated porphyritic syenite. 

Sample no. 
Disc type 

54161 
Pd.3 

Major elements (~t%) 
Si02 62.64 
A1203 15.70 
i'"e203T 
MgO 
CoO 
No20 
K20 
Ti02 
MnO 
P205 

Total 

8.48 
0.16 
0.85 
5.94 
5.17 
0.60 
0.30 
0.08 

99.92 

Trace elements (p.p.m) 
Bo 158 
Nb 336 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acm i te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hematite 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Frac. index 
Di ff. index 
Na/(Na+K) 
{Na+K)/AI 
Fe203/Fe0 

1443 
116 

67 
197 
341 

26 
11 
32 
46 

475 
785 

5.3 
0.3 

30.6 
50.4 
0.9 
0.0 
0.0 
2.5 
0.0 
2.8 
0.0 
6.4 

0.0 
0.6 
0.2 

641 
Cmp.02 

12.50 
86.30 
86.30 
0.64 
0.98 
1 .20 

63793 
Pd.3 

61.39 
15.31 
9.91 
0.19 
1.15 
6.09 
5.00 
0.65 
0.32 
0.08 

100.09 

94 
273 
999 
130 

25 
230 
345 

44 
6 

27 
46 

473 
587 

3.5 
0.2 

29.6 
51 .0 
0.0 
0.0 
0.5 
4.6 
0.0 
2.5 
0.0 
7.2 
0.0 
0.6 
0.2 

641 
Cmp.05 

15 0 10 
84.70 
84.10 
0.65 
1 0 01 
1.20 

242241 
rs.2 

59.96 
14.33 
9.24 
0.31 
1.63 
6.87 
5.01 
0.68 
0.29 
0.0 

98.32 

44 
332 

1475 
130 
72 

231 
309 

37 
12 
25 
44 

263 
538 

0.0 
0.3 

30.2 
44.6 
0.0 
1 0 2 

11 0 1 
7.2 
0.0 
0.0 

3.4 
1 0 5 

0.0 
0.6 
0.0 

641 
Cmp.06 

12.70 
87.00 
75.90 
0.68 
1.17 
1.20 

304028 
Fs. 1 

60.41 
14 0 15 
9.34 
0.23 
1.32 
6.91 
5.01 
0.62 
0.32 
0.07 

98.39 

124 
361 

1714 
155 
37 

220 
312 

61 
14 
52 
41 

327 
600 

0.0 
0.4 

30.1 
45.7 
0.0 
0.0 

12.2 
5.5 
0.0 
0.8 
3.4 
1.1 
0.0 
0.6 
0.2 

641 
Cmp.02 

11 0 60 
88.10 
75.90 
0.68 
1. 19 
1.20 

304093 
Pd.2 

60.30 
13.72 
8.79 
0.26 
1 0 39 
7.05 
4.47 
0.55 
0.32 
0.10 

96.95 

23 
475 

1619 
154 

34 
255 
555 

91 
17 
81 
47 

551 
888 

0.3 
0.3 

27.3 
47.2 
0.0 
0.0 

12.7 
5.7 
0.0 
5.1 
0.0 
0.5 
0.0 
0.6 
0.2 

641 
Cmp.06 

12.20 
87.50 
74.80 

0.71 
1. 20 
1.20 

326097 
Pd.2 

61.23 
14.05 
7.80 
0.28 
1.05 
6.57 
5.04 
0.56 
0.26 
0.08 

96.92 

101 
239 

1221 
102 
36 

178 
292 

37 
9 

20 
38 

282 
488 

2.0 
0.3 

30.8 
45.7 
0.0 
0.0 

10.4 
4.3 
0.0 
5.0 
0.0 
0.9 
0.0 
0.5 
0.2 

641 
Cmp. 02 

10.80 
88.90 
78.50 
0.66 
1 0 16 
1.20 

326098 
Pd.2 

60.45 
13.97 
8.81 
0.37 
1 0 13 
6.18 
4.90 
0.74 
0.33 
0.10 

96.98 

153 
330 
911 
106 

56 
170 
306 

34 
8 

33 
34 

325 
616 

3.2 
0.2 

29.9 
46. 1 
0.0 
0.0 
7.0 
4.5 
0.0 
4.8 
0.0 
3.3 
0.0 
0.6 
0.2 

641 
Cmp.02 

13.50 
86.30 
79.30 
0.66 
1 0 11 

1 0 20 



Whole-roc~ geochemical analyses- Laminated porphyritic syenite. 

Sample no. 
Disc type 

54234 
Fs. 1 

Major elements (~t%) 
Si02 61.65 
A1203 15.16 
Fe203T 
MgO 
CoO 
No20 
K20 
Ti02 
MnO 
P205 

Total 

3.10 
0. 11 
0.68 
6.40 
5.27 
0.62 
0.29 
0.05 

98.33 

Trace elements (p.p.m) 
Bo 
Nb 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 

La 
Ce 

C.J.P.W. norms 
Quartz 
Zircon 
Orthoc lose 
Albite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 iv ine 
Magnetite 
Hemot i te 
Ilmenite 
Apot i te 

Lith. code 
Camp site 
Colour index 
Frac. index 
D iff. index 
No/(No+K} 
(No+K}/AI 
Fe203/Fe0 

91 
202 
938 

92 
27 

201 
261 

34 
6 

21 
42 

246 
381 

2.4 
0.2 

31.7 
49.6 
0.0 
0.0 
5.0 
2.8 
0.0 
3.9 
0.0 
3.7 
0.0 
0.6 
0. 1 

644 
Cmp.02 

11. 10 
88.70 
83.70 
0.65 
1 .07 
1.20 

54240 
Pd.3 

61.41 
15.41 
9.98 
0.16 
L 11 
5.76 
5.10 
0.82 
0.23 
0.08 

100.06 

70 
282 

1070 
115 

31 
230 
286 

42 
5 

27 
47 

376 
574 

4.6 
0.2 

30.2 
48.9 

1.1 
0.0 
0.0 
3.4 
0.0 
3.4 
0.0 
7.5 
0.0 
0.4 
0.2 

644 
Cmp.02 

15.00 
83.70 
83.70 
0.63 
0.97 
1.20 

304032 
Fs.1 

61. 19 
14.52 
8.18 
0.10 
1.37 
7.08 
5.01 
0.51 
0.31 
0.04 

98.31 

50 
351 

1596 
139 
24 

226 
311 

52 
9 

36 
37 

312 
598 

0.0 
0.3 

30.1 
47.7 
0.0 
0.0 

11.8 
5.9 
0.0 
0.1 
3.0 
0.4 
0.0 
0.6 
0. 1 

644 
Cmp.02 

10. 10 
89.60 
77.80 
0.68 
1.18 

1.20 

304195 
Fs .1 

59.98 
14.36 
8.97 
0.19 
L61 
7.06 
4.98 
0.54 
0.26 
0.06 

98.01 

79 
218 
741 

85 
41 

209 
338 

56 
5 

26 
43 

210 
418 

0.0 
0.2 

30.1 
44.2 
0.0 
1. 6 

12.3 
6.9 
0.0 
0.0 
3.3 
0.8 
0.0 
0.5 
0.1 

644 
Cmp. 10 

11.60 
88.20 
76.00 

0.68 
1.18 
1. 20 

326013 
Pd.2 

60.73 
14.45 
7.40 
0.29 
1.43 
6.81 
5.10 
0.46 
0.21 
0.08 

96.96 

52 
351 

1361 
140 

52 
243 
313 

50 
9 

19 
41 

440 
849 

0.0 
0.3 

31. 1 
47.5 
0.0 
0.0 

10.6 
6.0 
0.0 
1. 9 

1.6 
0.4 
0.0 
0.4 
0.2 

644 
Cmp. 10 

10.50 
89.20 
78.60 
0.67 
1. 16 
1.20 

326087 
Pd.2 

60.75 
14.62 
7.46 
0.33 
1.25 
6.65 
5;08 
0.47 
0.27 
0.08 

96.96 

72 
219 
B61 

64 
30 

196 
276 

33 
10 
20 
36 

214 
407 

0.5 
0.2 

31.0 
48.5 
0.0 
0.0 
8.5 
5. 1 
0.0 
3.9 
0.0 
1. 5 
0.0 
0.5 
0.2 

644 
Cmp.02 

11 .30 
88.60 
80.00 
0.67 
1. 12 
1. 20 

326140 
Pd.2 

59.72 
13.76 
9.33 
0.30 
1.66 
6.41 
4.75 
0.65 
0.32 
0.09 

96.99 

38 
512 

2292 
223 

50 
171 
346 

61 
22 
47 
38 

636 
1234 

1. 3 
0.5 

29.0 
45.8 
0.0 
0.0 
9.0 
6.9 
0.0 
3.9 
0.0 
2.7 
0.0 
0.6 
0.2 

644 
Cmp.06 

14.40 
85.10 
76.10 
0.67 
1. 14 
1. 20 



Whole-rock analyses; Peralkoline Microsyenite Suite- lujovrite from SW Motzfeldt. 

Sample no. 
Disc type 

272537 
Pd.3 

Major elements (~t%} 

Si02 57.43 
Al203 19.94 
Fe203T 
MgO 
CoO 
Na20 
K20 
Ti02 
MnO 
P205 

Total 

6.60 
0.03 
0.94 
9.64 
5.28 
0.16 
0.28 
0. 1 1 

100.41 

Trace elements (p.p.m) 
Bo 242 
Nb 789 
Zr 
y 

Sr 
Rb 
Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Corundum 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Sod. metosi I. 
01 i vine 
Magnetite 
Hemot i te 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Froc. index 
D iff. index 
No/(No+K) 
(Na+K)/AI 
Fe203/Fe0 

1153 
167 
80 

515 
1055 

68 
65 

254 
88 

319 
594 

0.0 
0.2 

31.1 
33.9 
0.0 

21 . 1 
7.4 
0.2 
1. 6 
0.0 
0.0 
2.7 
1.1 
0.5 
0.3 

711 
Cmp. 19 

3.60 
93.40 
86.10 
0.74 
1.08 
6.00 

272538 
Pd.3 

56.92 
19.92 
6.55 
0.04 
0.50 

10.33 
5.10 
0.14 
0.21 
0.03 

99.74 

279 
460 

2350 
168 
41 

486 
299 

10 
14 
16 
90 

315 
496 

0.0 
0.5 

30.1 
29.3 
0.0 

24.3 
11.8 
1.0 
0.5 
0.0 
0.0 
2. 1 
0.0 
0.4 
0.1 

711 
Cmp. 19 

3.60 
95.50 
83.70 
0.75 
1. 13 
6.00 

272539 
Pd.3 

54.90 
16.91 
12.01 
0.48 
1.00 

11 .02 
3.61 
0.37 
0.37 
0.04 

100.71 

175 
675 

2161 
133 
54 

319 
675 

55 
36 
28 
81 

287 
568 

0.0 
0.4 

21.2 
24.5 
0.0 

22.7 
23.0 
3.9 
0.0 
0.0 
0.5 
3.0 
0.0 
0.7 
0.1 

711 
Cmp. 19 

8.20 
91.40 
68.30 
0.82 
1 .30 
6.00 

272540 
Pd.3 

58.67 
21.51 
2.59 
0.18 
0.35 

10.81 
4.90 
0.07 
0.30 
0.03 

99.41 

274 
661 

2656 
-1 
61 

548 
729 

56 
26 
31 

107 
255 
482 

0.0 
0.5 

29.0 
36.1 
0.0 

25.7 
6.3 
1.3 
0.0 
0.2 
0.1 
0.0 
0.0 
0.6 
0.1 

711 
Cmp. 19 

2.00 
97.40 
90.90 
0.77 
1 .07 
6.00 

46261 
Pd.3 

56.97 
18.72 
8.40 
0.01 
0.75 

10.55 
3.96 
0.02 
0.17 
0.02 

99.57 

0 
542 

4655 
-1 

29 
359 
110 

13 
4 

0 
66 

368 
668 

0.0 
0.9 

23.4 
36.7 
0.0 

20.3 
13.2 
0.1 
1.5 
0.0 
0.0 
3.4 
0.2 
0.3 
0.0 

714 
Cmp. 20 

3.80 
93.60 
80.40 
0.80 
1.16 
6.00 

46268 
Pd.3 

57. 11 
19.25 
9.97 
0.03 
0.99 
6.96 
5.23 
0.04 
0.25 
0.03 

99.86 

3 
527 

4679 
-1 

167 
502 
167 

20 
5 
0 

69 
346 
633 

0.4 
0.9 

30.8 
46.2 
4.7 
6.8 
0.0 
0.0 
0.0 
0.0 
0.1 
3.9 
5.7 
0.5 
0.1 

714 
Cmp.20 

4.50 
83.80 
83.80 
0.67 
0.89 
6.00 



~hole-rock geochemical analyses- Poiki I itic arfvedsonite microsyenite. 

Sample no. 
Disc type 

63789 
Fs.1 

Major elements (~t%) 
Si02 60.50 
A1203 13.86 
Fe203T 9.37 
MgO 0.07 
CoO 1.16 
Na20 
K20 
Ti02 
MnO 
P205 

Toto! 

7.30 
4.72 
0.56 
0.31 
0.06 

97.93 

Trace elements (p.p.m) 
Bo 124 
Nb 420 
Zr 2113 
y 173 

Sr 29 
Rb 274 
Zn 299 
Pb 53 
u 13 

Th 
Go 

La 
Ce 

C. I .P.W. norms 
Quartz 
Zircon 
Orthoc I ase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Sod. metasi I. 
Hypersthene 
01 ivine 
Magnetite 
Hemot i te 
Ilmenite 
Apatite 

Lith. code 
Camp site 
Colour index 
Froc. indeK 
D i f f . i nde.K 
No/(No+K) 
(No+K)/AI 
Fe203/Fe0 

41 
47 

464 
774 

0.0 
0.4 

28.6 
46.0 
0.0 
0.0 

13. 1 
4.9 
0.0 
2.9 
2.7 
0.0 
0.0 
0.6 
0.2 

721 
Cmp.02 

11 . 31 
88.26 
74.60 
0.70 

1.24 
1. 00 

63795 
Pd.3 

61 .97 
16.04 
8.50 
0.13 
0.99 
7.04 
4.48 
0.47 
0.23 
0.26 

100.11 

47 
317 

1514 
155 
25 

268 
262 
38 

7 

23 
57 

337 
586 

1 .0 
0.3 

26.5 
57.6 
0.0 
0.0 
1. 8 

2.8 
0.5 
3.9 
0.0 
5.0 
0.0 
0.4 
0.6 

721 
Cmp.02 

12.80 
85.20 
85.20 
0.70 

1. 02 
1 .00 

297681 
Fs.2 

59.45 
13.81 
9.77 
0.27 
1 . 21 
6.79 
4.66 
0.68 
0.29 
0.15 

97.08 

124 
471 

2219 
200 

40 

278 
349 

70 

16 . 
59 
46 

550 
896 

0.0 
0.5 

28.4 
46.5 
0.0 
0.0 

11.2 
4.6 
0.0 
4.5 
2.0 
1. 3 
0.0 
0.6 
0.4 

721 
Cmp.02 

13.30 
86.20 
75.00 
0.69 
1.17 

1 .00 

304065 
Fs. 1 

61.38 
13.39 
11 .08 
0.10 
0.59 
6.78 
4.29 
0.59 
0.33 
0.05 

98.56 

19 
564 
216 
208 

15 
252 
449 
164 

18 
58 
46 

632 
1065 

3.6 
0.0 

25.8 
45.9 
0.0 
0.0 

11. 1 

2.4 
0.0 
8. 1 

0.0 
2.2 
0.0 
0.6 
0. 1 

721 
Cmp.02 

13.50 
86.50 
75.40 
0.71 
1. 18 
1 .00 

242313 
Fs.2 

59.15 
14.32 
9.09 
0.36 
2.32 
7.80 
5.03 
0.67 
0.28 
0.06 

99.08 

35 
357 

1802 
146 
25 

313 
302 

49 
16 
96 
45 

314 
575 

0.0 
0.4 

30.1 
35.9 
0.0 
5.6 

12.6 
9.9 
1. 5 
0.0 
3.5 
0.0 
0.0 
0.5 
0. 1 

723 
Cmp.02 

14.00 

84.60 
71.60 
0.70 

1.28 
1.00 

54239 
Pd.3 

61.62 
15.87 
8.91 
0.14 
1.10 
6.67 
4.74 
0.61 
0.22 
0.06 

99.94 

63 
296 

1824 
139 

19 
283 
222 
28 

3 
12 
59 

259 
407 

1 . 1 
0.4 

28.1 
55.4 
0.0 
0.0 
1 . 1 

4.5 
0.0 
3.3 
0.0 
5.6 
0.0 
0.4 
0. 1 

724 
Cmp.02 

14.00 
85.60 
84.60 
0.68 
1 . 01 
1.00 

304033 
Fs. 1 

61.27 
14.33 
8.26 
0.10 
1 .22 
7.26 
4.89 
0.51 
0.29 
0.05 

98.17 

874 
274 

1122 
74 

493 
248 
151 

9 
7 

12 
40 
85 

176 

0.0 
0.2 

29.5 
47.5 
0.0 
0.0 

11.6 
5.4 
0.5 
3.0 
1. 7 

0.0 
0.0 
0.6 
0. 1 

724 
Cmp.02 

10.80 
89.00 
77.00 
0.69 
1. 20 
1.00 



~hole-rock analyses; Perolkaline Microsyenite Suite- Unaltered. 

Sample no. 240532 242213 242236 304151 304162 
Disc type Fs.2 Fs.2 Fs.2 Pd .1 Fs .1 

Major elements (t:~t%} 

Si02 61 .05 55.78 58.62 65.23 58.64 
Al203 14.54 13.84 14.38 18.34 15.27 
fe203T 10.22 8.40 10.90 0.61 8.35 
MgO 0.66 0.57 0.55 0.03 0.24 
CoO 1.82 4.39 2.16 0.80 2.14 
Na20 9.60 7.16 7.44 5.76 B. 11 
C<20 3.68 4.97 4.75 7.47 2.55 
Ti02 0.66 0.57 0.83 0.01 0.67 
MnO 0.40 0.31 0.31 0.01 0.35 
P205 0.09 0.10 0.12 0.1ll 0.07 

Total 102.72 96.09 100.06 98.26 96.39 

Trocca elcamenta (p.p.m) 
Ba 243 87 277 179 125 
Nb 603 596 401 9 476 
Zr 2863 1759 801 42 2525 
y 203 148 102 102 154 
Sr 108 42 37 32 190 
Rb 443 370 337 664 242 
Zn 382 344 296 14 339 
Pb 46 20 11 2 41 
u 30 32 29 0 24 
Th 5 14 18 0 18 
Go 52 45 42 65 46 
La 332 254 296 6 302 
Ce 601 458 548 8 567 

C. I .P.W. norms 
Quartz 0.0 0.0 0.0 1 . 6 0.0 
Zircon 0.6 0.4 0.2 0.0 0.5 
Orthoclase 21.2 30.7 28.2 44.9 15.7 
AI bite 45.4 27.2 37.0 49.6 60.4 
Anorthite 0.0 0.0 0.0 2.2 0.0 
Nephe I i ne 4.1 9.9 5.8 0.0 3.5 
Acm i te 10. 1 8.9 11 . 1 0.0 3.9 
Diopside 7.2 19.3 8.8 1 . 1 9.3 
Wollastonite 0.0 0.0 0.0 0.3 0.0 
Sod. metosi I. 3.4 1.8 0.7 0.0 0.0 
01 i vine 6.9 1.1 7.3 0.0 3.3 
Magnetite 0.0 0.0 0.0 0.3 2.5 
Hematite 0.0 0.0 0.0 0.0 0.0 
Ilmenite 0.7 0.6 0.6 0.0 0.7 
Apot i te 0.2 0.2 0.3 0.0 0.2 

Lith. code 731 731 731 731 731 
Camp site Cmp.10 Cmp.10 Cmp .10 Cmp. 10 Cmp.10 
Colour index 15.10 21.20 17.00 1.40 16.00 
Froc. index 84.30 78.40 82.80 96.10 83.50 
Di ff. index 70.80 67.70 71 .10 96.10 79.60 
Na/(No+K} 0.80 0.69 0.70 0.54 0.83 
(Na+K)/AI 1 .36 1. 24 1. 21 0.96 1.05 
Fe203/Fe0 0.60 0.60 0.60 0.60 0.60 



Whole-rock analyses; Perolkol ine Microsyenite Suite- Mineralised. 

Sample no. 
Disc type 

304067 
rs.1 

Major elements (~t%) 
Si02 63.53 
A1203 10.63 
fe203T 
MgO 
CoO 
No20 
1<20 
Ti02 
MnO 
P205 

Total 

10.73 
0.00 
0.54 
4.96 
1 .84 
0.35 
0.46 
0.01 

93.05 

Trace clements (p.p.m) 
Bo 133 
Nb 5503 
Zr 
y 

Sr 
Rb 

Zn 
Pb 
u 
Th 
Go 
La 
Ce 

C.I.P.W. norms 
Quartz 
Zircon 
Orthoclase 
AI bite 
Anorthite 
Nephe I i ne 
Acmi te 
Diopside 
Wollastonite 
Hypersthene 
01 i vine 
Magnetite 
Hematite 
Ilmenite 
Apatite 

lith. code 
Camp site 
Colour index 
frac. index 
Diff. index 
No/(Na+K) 
(No+K)/AI 
fe203/fe0 

7792 
533 

99 
216 

1293 
329 
291 
207 

73 
2050 
3233 

28.0 
1. 7 

11 . 6 

44.8 
1. 4 
0.0 
0.0 
0.0 
0.6 
0.0 
0.0 

10.0 
1.0 
0.9 
0.0 

733 
Cmp.05 

11.00 
84.40 
84.40 
0.80 
0.96 
2.50 

304068 
Fs.1 

69.81 
9.48 
2.47 
0.15 
2.20 
5.58 
0.02 
3.16 
0.16 
1 .49 

94.52 

20 
0 

736 
33 

388 
0 

1236 
539 
56 

10975 
122 

2010 
2301 

36.0 
0.2 
0. 1 

49.9 
0.8 
0.0 
0.0 
0.4 
0.0 
6.0 

0.0 
2.6 
0.0 
0.3 
3.7 

733 
Cmp.05 

13.00 
86.00 
86.00 

1.00 
0.97 
2.50 

304157 
fs. 1 

61.13 
15.99 
6.B5 
0.01 
0.65 
8.74 
2.97 
0.13 
0.25 
0.0 

96.72 

38 
779 

5286 
318 

67 
336 
448 
37 
37 
13 
74 

582 
1068 

0.0 
1.1 

18.0 
65.6 
0.0 
1.1 
7.5 
2.9 
0.0 
0.0 
0.0 
3.3 
0.0 
0.5 
0.0 

733 
Cmp.10 

6.70 
92.20 
84.70 
0.82 
1.10 
2.50 

304158 
Pd.1 

59.99 
16.41 
7.50 
0.66 
1. 01 
5.13 
6.60 
0.13 
0.31 
0.0 

97.74 

151 
645 

5714 
372 

87 
625 
322 

21 
11 
10 
65 

518 
948 

2.0 
1 . 2 

39.7 
44.2 
2.3 
0.0 
0.0 
2.2 
0.0 
0.6 
0.0 
6.3 
0.9 
0.6 
0.0 

733 
Cmp.10 

9.80 
85.80 
85.80 
0.54 
0.95 
2.50 

304169 
fs.1 

61 .82 
12.86 
9.85 
0.06 
0.27 
5.60 
3.16 
0.29 
0.61 
0.0 

94.51 

83 
214 
724 
83 
40 

207 
333 
55 

6 

26 
40 

221 
414 

17.6 
0.2 

19.8 
50.2 
0.7 
0.0 
0.0 
0.3 
0. 1 

0.0 
0.0 
8.4 
1 .4 
1.2 

0.0 

733 
Cmp. i0 

10.00 
87.60 
87.60 
0.73 
0.98 
2.50 

304170 
Pd. 1 

59.16 
12.28 
13.00 
1.17 
1 .25 
5.96 
1.98 
0.33 
0.79 
0.01 

95.93 

50 
2922 

11382 
569 
115 
187 
776 
614 
294 

80 
79 

1494 
2554 

13.3 
2.4 

12. 1 
52.0 
0.9 
0.0 
0.0 
4.2 
0.0 
1.1 
0.0 

10.7 
1. 9 
1 .5 
0.0 

733 
Cmp. 10 

17.50 
77.30 
77.30 
0.82 
0.97 
2.50 

304173 
Fs. 1 

63.11 
11 .48 
10.97 
0.0 
0.21 
4.80 
2.92 
0.29 
0.45 
0.0 

94.24 

48 
3440 
8040 

430 
68 

221 
66 

580 
471 

39 
52 

1381 
2310 

24.2 
1. 7 

18.2 
42.8 

1 . 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
9.9 
1. 2 
0.9 
0.0 

733 
Cmp. 10 

10.80 
85.20 
85.20 

0.71 
0.96 
2.50 



~hole-rock analyses; Perolkal ine Microsyenite Suite- Mineralised. 

Sample no. 304174 304175 304188 304191 
Disc type Fs .1 Fs. 1 Pd.1 Pd .1 

Major elements (t:~t%) 

Si02 55.87 56.52 49.00 54.71 
Al203 12.43 11.96 10.90 11.06 
Fe203T 13.22 12.74 9.42 15.37 
MgO 0.0 0.0 1.57 1. 38 
CoO 0.44 0.35 5.51 1. 15 
Na20 9.45 9.70 2.53 3.20 
K20 1. 14 1.43 4.89 4.74 
Ti02 0.30 0.27 0.29 0.33 
MnO 0.63 0.62 0.66 0.89 
P205 0.0 0.0 0.01 0.01 

Total 93.46 93.60 84.78 92.84 

Trace elements (p.p.m) 
Bo 263 0 15 0 
Nb 297 2176 2875 3139 
Zr 810 12922 22437 14893 
y 98 625 1247 785 
Sr 47 91 325 91 
Rb 207 95 370 445 
Zn 228 1401 5434 1929 
Pb 22 844 1367 703 
u 7 173 100 61 
Th 19 83 147 102 
Go 35 57 36 53 
La 187 1999 2211 4865 
Ce 335 3513 4025 8330 

C.I.P.W. norms 
Quartz 0.0 0.0 5.7 14.1 
Zircon 0.2 2.7 5.2 3.2 
Orthoclase 7.2 8.9 33.0 29.7 
Albite 61.6 52.7 24.5 28.7 
Anorthite 0.0 0.0 4.5 1. 9 
Nephe I i ne 0.1 2.0 0.0 0.0 
Acmi te 21.1 26.5 0.0 0.0 
Diopside 2.2 1. 6 9.6 3.2 
Wollastonite 0.0 0.0 6.0 0.0 
Hypersthene 0.0 0.0 0.0 2.2 
01 ivi ne 2.7 4.1 0.0 0.0 
Magnetite 3.6 0.2 8.5 12.9 
Hemot i te 0.0 0.0 1 . 6 2.4 
Ilmenite 1. 3 1 . 2 1. 4 1. 8 
Apatite e.e 0.0 0.0 0.0 

Lith. code 733 733 733 733 
Camp site Cmp. 10 Cmp. 10 Cmp.10 Cmp.10 
Colour index 9.80 7.20 19.60 20.10 
Froc. index 90.10 90.10 63.20 72.50 
0 iff. index 68.90 63.60 63.20 72.50 
Na/(No+K) 0.93 0.91 0.44 0.51 
{No+K)/AI 1.35 1.46 0.87 0.94 
Fe203/Fe0 2.50 2.50 2.50 2.50 



\'ihole-rock analyses; Peralkaline Microsyenite Suite- Pegmotitic. 

Sample no. 304178 304179 304182 304183 
Disc type Fs. 1 Pd.1 Fs. 1 Fs .1 

Major elements (t'tt%) 

Si02 54.41 44.54 58.13 58.10 
A1203 20.55 8.16 16.99 15.74 
Fe203T 4.31 27.37 7.38 8.58 
MgO 0.03 2.68 0. 11 0.14 
CoO 0.73 3.53 0.68 0.72 
Na20 9.65 6.04 7.25 7.35 
1<20 3.72 2.37 5.03 5.31 
Ti02 0. 11 0.74 0.18 0.43 
MnO 0.20 0.87 0.26 0.33 
P205 0.0 0.02 0.0 0.0 

Total 93.70 96.32 96.01 96.70 

Trace elements (p.p.m) 
Ba 66 49 165 128 
Nb 735 367 416 576 
Zr 4485 5589 2565 3552 
y 294 287 179 246 
Sr 70 71 48 87 
Rb 266 202 336 398 
Zn 177 1129 268 279 
Pb 46 61 23 29 
u 8 23 4 
Th 12 11 1 0 
Go 61 44 57 56 
La 507 459 242 353 
Ce 900 777 461 626 

C. I .P .W. norms 
Quartz 0.0 0.0 0.0 0.0 
Zircon 1. 0 1. 2 0.5 0.7 
Orthoclase 23.3 14.6 31 .0 .32.4 
AI bite 44.9 14.6 50.3 40.5 
Anorthite 1. 9 0.0 0.0 0.0 
Nephe I i ne 22.7 8.4 6.3 6.9 
Acm i te 0.0 20.6 1. 8 9.8 
Diopside 1 . 7 15.6 3. 1 3.3 
Wo I I aston i t e 0.0 0.0 0.0 0.0 
Hypersthene 0.0 0.0 0.0 0.0 
01 iv i ne 0.9 14.0 2. 1 4.6 
Magnetite 3. 1 9.3 4.4 1. 2 
Hematite 0.0 0.0 0.0 0.0 
Ilmenite 0.4 1. 7 0.5 0.7 
Apatite 0.0 0.0 0.0 0.0 

Lith. code 735 735 735 735 
Camp site Cmp. 10 Cmp. 10 Cmp. 10 Cmp. 10 
Colour index 6.20 40.60 10. 10 9.70 
Frac. index 90.90 58.20 89.40 90.60 
0 iff. index 90.90 37.60 87.50 79.80 
No/{No+K) 0.80 0.79 0.69 0.68 
{No+K)/AI 0.97 1.53 1.02 1.13 
Fe203/Fe0 1 .00 1.00 1. 00 1.00 



Rare-earth element analyses- A I I Somp I es. 

Samp I e no. .304160 .304160 .304740 58352 .326161 .326161 .326161 304051 58368 304052 304055 58363 
Cryst/rock rock rock rock rock rock om ph fe I d rock rock rock rock rock 

REE elements (p.p.m) 

La 50.60 48.50 45.60 59.80 64.10 214.00 29.80 65.50 53.70 396.06 73.06 287.00 
Ce 108.00 109.00 92.20 124.00 125.00 579.00 39.00 134.00 116.00 593.00 148.00 445.00 
Nd 56.30 54.00 43.00 66.00 75.70 368.00 -1 .00 64.00 56.00 241.00 58.00 236.00 
Sm 8.64 8.39 6.41 8.04 8.80 61.90 1.36 10.90 8.46 40.00 9.85 35.90 
Eu 3.89 3.79 3.70 2.67 3.39 3.15 2.83 3.18 1. 56 2.94 1. 74 3.66 
Tb 0.85 0.95 0.83 1. 04 0.93 6.76 -1 .00 1 . 21 1 .04 4.26 1.19 3.87 
Yb 1. 75 1.80 8.00 2.19 1. 94 9.69 0.60 1. 89 1 . 91 12.00 1. 90 6.20 
Lu 0.58 0.28 0.22 0.31 0 . .35 1.55 -1 .00 0 . .34 0.34 2.59 6.23 1.06 
To 4.07 .3.27 2.75 5.25 5.5.3 33.30 1 .40 5.36 4.71 14.70 6.01 13.80 

Lith. code 314 314 314 324 324 324 324 324 334 414 334 423 

Sample no. 304040 304723 304115 304115 304115 304115 287157 304747 304753 304755 304755 304755 
Cryst/rock rock rock rock biot feld a I bite rock rock rock rock feld om ph 

REE elements (p.p.m) 

La 856.00 864.00 419.00 103.00 12.3.00 1.88 76.80 90.50 107.60 82.10 24.30 209.06 
Ce 1430.00 1690.00 758.00 177.00 200.00 -1.00 175.00 179.00 221.00 162.00 45.70 496.00 
Nd 427.00 590.00 316 00 62.30 72.00 -1.00 54.00 66.80 112.00 76.50 26.10 266.00 
Sm 75.40 89.10 43.70 13.00 12.00 0.54 8.90 10.20 14.20 9.60 2.60 41.20 
Eu 4.53 5.73 3.16 1.01 0.96 -1.00 2.26 1. 69 2.46 1. 75 1 . 12 4.09 
Tb 9.71 10.40 11.00 3.23 1 . 91 -1.00 0.88 1 .36 1 .87 1. 52 0.34 4.65 
Yb 19.00 14.00 43.50 60.00 6.70 -1.00 2.59 4.30 5.27 3.78 0.90 13.40 e=j 
Lu 2.89 2.19 6.20 2.08 0.91 -1 .00 0.43 0.69 0.79 0.59 0.09 2.46 ~ To 29.70 13.90 61.20 25.00 17.10 -1 .00 9.21 13.00 16.90 , , . 60 3.20 39.50 Q"" -Lith. code 423 423 425 425 425 425 431 431 431 431 431 431 (i) 

~ 
~ 
(A) 



Rare-earth element analyses - A I I Somp I es. 

Sample no. 304755 54132 304003 304009 304009 304009 326091 326091 326091 326091 54132 54132 
Cryst/rock neph rock rock rock feld neph rock feld am ph neph 1eld mafics 

REE elements {p.p.m) 

La 15.70 82.80 57.60 93.60 26.50 19.150 78.00 20.90 187.00 4.24 13.5@ 180.00 
Ce 26.20 177.00 121.00 202.00 47.90 34.90 153.00 35.20 402.00 7.00 22.00 431.00 
Nd -1 .00 52.90 55.10 101 .00 20.40 -1 .00 73.30 -1.00 213.00 -1 .00 -1 .00 190.00 
Sm 1. 36 10.80 7.90 12.70 2.57 1.93 9.50 1 .44 32.90 0.25 1.16 36.00 
Eu 0.32 2.81 2.80 1. 71 0.49 0.28 2.67 1. 21 4.51 0.14 1.48 4.61 
Tb -1.00 1.25 1.05 1. 90 0.32 0.38 1.19 0.15 3.73 -1 .00 -1 .00 3.70 
Yb -1 .00 3.75 2.35 5.27 0.74 1. 50 2.88 0.50 .s. 19 -1 .00 -1 .00 9.40 
Lu -1 .00 0.62 0.38 0.89 0. 11 -1.00 0.42 _, .00 1.03 -1 .00 -1 .00 0.15 
To 1.18 14.20 8.36 16.10 0.91 0.61 11.80 1. 45 32.90 0.44 1.42 39.30 

Lith. code 431 434 434 434 434 434 434 434 434 434 434 434 

Sample no. 304026 304026 304092 54138 54181 304127 304752 304024 304101 304758 326154 304750 
Cryst/rock pyrox feld rock rock rock rock rock rock rock rock rock rock 

REE elements {p.p.m) 

La 47.70 193.00 1060.00 134.00 60.00 143.00 96.40 124.00 151.00 118.00 33.20 104.00 
Ce 91 .80 356.00 1860.00 284.00 131 .00 308.00 204.00 266.00 312.00 247.00 66.00 204.00 
Nd 51 .00 168.00 722.00 107.00 -1 .00 105.00 90.10 93.00 110.00 91 .00 36.30 71.00 
Sm 9.82 26.80 121.00 18.10 9.00 19.10 13.50 17.50 20.50 16.30 3.74 11.40 
Eu 1.49 3.14 7.93 1.93 1 .05 2.23 1.36 2.28 2.28 2.09 0.30 1.46 
Tb 2.29 2.88 23.2@ 2.12 1. 04 2.39 1. 56 1.86 2.42 1. 83 0.44 1. 28 
Yb 12.70 1. 50 75.00 6.71 4.29 4.60 4.20 4.00 5.50 4.50 2.70 4.50 
Lu 2. 11 0.15 11.40 0.83 0.63 0.78 0.61 0.61 0.88 0.63 0.45 0.67 
To 3.82 0.41 148.00 15.00 9.39 14.70 12.60 11.30 16.20 12.30 6.71 13.10 

Lith. code 435 435 493 511 511 511 514 514 514 514 521 521 



Rare-earth element analyses - All Samples. 

Sample no. 304107 304131 58085 58085 326066 58085 326066 63720 304078 304738 54161 326087 
Cryst/rock rock rock rock mafics rock feld fald rock rock rock rock rock 

REE elements (p.p.m) 

La 67.50 142.00 113.00 158.00 36.20 116.00 26.50 132.012) 412.00 221.12)12) 416.00 234.00 
Ce 141 .00 311.00 231 .00 418.00 76.70 196.00 50.40 309.00 793.00 447.00 791.00 483.00 
Nd 49.30 124.00 86.20 205.00 45.40 -1.00 27.00 130.00 268.00 158.00 268.00 237.00 
Sm 9.79 20.90 13.80 30.80 4.71 11.30 2.90 19.70 45.60 25.40 36.60 32.60 
Eu 5.68 4.80 3.34 5.18 1. 89 3.03 1. 72 1. 96 2.75 3.68 2.73 2.61 
Tb 1 . 12 2.50 1.66 3.70 0.77 1 .06 0.32 2.17 5.10 3.36 4.24 4.22 
Yb 3.40 5.00 3.79 8.30 2.29 2.10 -1 .00 4.80 115.00 7.00 11.50 8.50 
Lu 0.37 0.88 0.54 1.60 0.36 0.16 -1 .00 0.84 2.12 0.11 1. 53 1.28 
To 7.00 17.10 10.60 44.60 8.75 3.00 1.68 9.15 34.60 9.05 20.50 14.70 

Lith. code 531 531 534 534 534 534 534 631 634 634 641 644 

Sample no. 326087 326087 304033 304157 304186 326135 326135 304073 
Cryst/rock feld om ph rock rock rock rock fald rock 

REE elements (p.p.m) 

Lo 20.50 107.00 386.00 253.00 235.00 82.80 34.70 264.00 
Ce 35.70 265.00 792.00 500.00 440.00 163.00 54.00 542.00 
Nd 18.00 168.00 272.00 160.00 140.00 80.70 -1 .00 207.00 
Sm 2.74 22.80 54.60 .30.20 26.10 11.20 2.55 30.90 
Eu 0.87 1 .33 3.31 1.87 1. 81 5.18 3.95 1. 29 
Tb 0.30 1. 99 7.12 4.94 4.92 1.55 -1 .00 3.45 
Yb 0.50 10.10 14.40 14.90 18.00 3.91 e.10 5.50 
Lu -1.00 1. 99 2.13 1. 66 2.47 0.55 -1 .00 0.82 
To 0.82 14.40 26.50 21.70 23.10 8.00 1.23 5.96 

Lith. code 644 644 721 733 735 911 911 921 
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4.]. Electron-Probe Microanaiysis 

4.1.1 Preparation and operating conditions 

The mineral analyses obtained by the author (Tables A4.2, A4.3, A4.4, A4.5) were 

derived exclusively from the EDS-Microprobe at the University of Manchester. This 

machine is a Modified Cambridge Instrument Company Geoscan and uses only energy 

dispersive spectrometer (E.D.S.) analysis. The E.D.S. comprises a Kevek Detector, a 

Harwell 2010 pulse processor and Link Systems 290 Electronics. Link Systems ZAF-

4/FLS software is used to convert x-ray spectra obtained from the specimen into chemical 

analysis. 

The following operating conditions were used: 

15KV Electron Beam Accelerating Voltage 

75 Deg X-ray Take-Off Angle 

3nA Specimen Current on Cobalt Metal 

2.5 KCPS Output Count rate from Cobalt metal with 18% detection system dead 
time. 

The ZAF- 4/FLS software deconvolutes overlapping X-ray peaks and subtracts a 

background radiation by reference to a previously obtained library of standard peak 

profiles. X-ray intensities are automatically Z.A.F. corrected using a procedure based on 

TIMl programme ofDuncomb and Jones (1969). The atomic number correction described 

by Duncomb and Reed (1968) is used together with Reed's (1965) fluorescence correction. 

The absorption effects are calculated using, Philbert's equation with Heinrich's, and as 

calculated by Yakowitz et al., (1973). 

The samples for analysis were prepared as polished thin sections and carbon coated. 

The following elements were analysed by the author Si, Ti, Al, Fe, Mn, Ca, Na, K, Zr. 
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The probe-analyses labelled APJ are taken from Jones (1980), who used a Cambridge 

instrument Company Geoscan at the University of Durham (Jones Ibid, p. 245-288). 

4.1.2 Mineral calculations 

a. Pyroxene 

Pyroxenes are recalculated on the basis of 4 cations and 6 oxygens. The following 

elements were determined; Sir Ti, AI, Fe, Mn, Mg, Ca, Na, K and occasionally Zr. 

Unfortunately Zr 'caused problems' on the EDS and the results obtained are approxi

mate. Because only total iron can be determined from the microprobe, determination of 

Fe20a/Fe0 was undertaken by assuming stoichiometry in 4 cations and 6 oxygens per 

formula unit using the following steps (eg, Table A4.1). 

1. The Wt% of oxides are divided by their molecular weights to give their molecular 

proportions. 

2. The molecular proportion (mp) is multiplied by the cation number ofthe respective 

element. To give the cation proportion ( cp) (ie, for Na20 = mp x 2). 

3. The cation proportions of all the elements are totalled and then divided into the 

chosen cation recalculation (ie, 4 in pyroxene) to give a cation factor (X). 

4. The cation proportions are then indiv'Idually multiplied by this factor X to give 

the cation proportion to the sum of X. 

5. Each individual cation proportion to sum of X (Table A4.1: col. 5) is multiplied by 

the number of oxygens in the original oxide to give the atomic proportion of equivalent 

oxygens (ie, Si02 = cp x 2). 

6. The sum of the equivalent oxygens (Table A4.1: col. 6) should be 6 assuming 

s:toichiometry. If the sum is less than 6 then the lack of oxygen can be assigned to Fe20a 

in the mineral, (ie, Fe3 = 2 x oxygen deficiency). 
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7. This number can then be included in the column of cation proportions to 4 cations 

(Table A4.1: col. 2) by subtraction from the total FeO proportion in that column. The 

difference being the true FeO proportion. Thus the Fe203/FeO ratio is determined. 

8. These values are easily worked back to give the oxide percentages if required. 

This method, shown to the author by Dr. L.M. Larsen (GGU), proves simple and 

very effective (see also Larsen, 1976). However, because the Fe2 0 3 is calculated as a 

remainder problems can arise ~ue to incomplete analyses, particularly if Zr0 2 is missing 

(especially in aegirine analysis, see Jones, 1982). 

b. Amphibole 

The amphiboles of Motzfeldt range from liastingsite to arvedsonite in composition. 

Where amphibole nomenclature has been used in this work it is that of Leake (1978). To 

use this nomenclature it is necessary to determine the Fe20 3 ratio of the mineral. This 

has been undertaken with a method analogous to that used in the pyroxene recalculation 

(Table A4.1). The method uses essentially charge-balance criteria. However, the crystal 

chemistry of amphiboles is complex, but while many cation substitutions are possible 

there are crystal-chemical limits. "It may look utterly rtdiculous from the point of view 

of crystal chemistry, but the charge will balance!" from Robinson et al. (1982). 

The standard amphibole formula is summarised; 

and a list of reasonable chemical limits might be: 

K = A-site only Mg = C-site and B-site 

Na = A-site orB-site 

Ca = B-site only 

Mn = C-site or B-site 

Fe2 = C-site or B-site 

Fe3 = C-si te only 

Ti = C-si te only 

Al = C-site or T-site 

Si = T-site only 
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With these parameters in mind it is usually possible to recalculate and find the max. 

and min. values of Fe2 0 3 and keep within the chemical and crystal limits. For the 

recalculations used in this work 16 cations to 23 oxygens were used. 

4.1.3 Notes on electron-microprobe data tables 

Cryst & Posn : (crystal number and position) 

Rim= llim 
Cor= Core 
Int = Intermediate between co1"e and rim 
GS = Data from Gitte Schwartz (pers comm.) 
APJ = data from Jones {1980) 

Not analysed: = -1.00 

Colour Key: 

V =Very 
D =Deep 
P =Pale 

g =green 
r ~ red 

b =brown 

y =yellow 
bl =blue 

eg, Drb-yb = Deep red-brown to yellow-brown 

Name Key: Amphiboles 

MHas = Magnesian hastingsite 
Has = Hastingsite 
H-Hb = Hastingsitic hornblende 
MH-Hb = Magnesian hastngsitic hornblende 
EdHb = Edenitic-hornblende 
FEdHb = Ferro-ede;rtitic hornblende 
FEd = Ferro-edenite 
Kat = Katophorite 
FRh = Ferro-richterite 
FEk = Ferro-eckermannite 
Arf = Arfvedsonite 

N arne Key: Pyroxenes 

Sal= Salite 
Fsal = Ferrosalite 
H = Hedenbergite 
A-A = Aegirine-augite 
A-H = Aegirine-hedenbergite 
Aeg = Aegirine 
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Thus giving, 
Example Aegirine-augite (AM82 from Jones 1980.) 

Si02. 51.35 
TiO.t 0.51 
Al~03 0.75 
Fe.tOJ 19.03 

(1) (2) (3) . C4Y (5) (6) FeO 7.44 

Wt % mol. props cation cation props equivalent MnO 1.09 
oxides of oxides props to sum of 4 oxvgens MgO 2.27 

CaO 9.87 
Si01 51.35 0.855 (xl) 0.855 1.980 (x2) 3.960 Na:~.O 7.96 

TiOa 0.51 0.006 (x1) 0.006 0.014 (x2) 0.029 
K:zO 0.00 
Zr02 0.60 

Al.t03 0.75 0.007 (x2) 0.014 0.032 ( x1.5) 0.048 Total 100.86 ---
FeO.t 24.59 0.342 (xl) 0.342 0.792 (x1) 0.792 *FeO 24.59 

MnO 1.09 0.015 (xl) 0.015 0.035 (xl) 0.035 Number of ions on the bssis of 6 oxygens -

MgO 2.27 0.056 (xl) 0.056 0.130 (xl) 0.130 Si 1.980 J 2 
Al 0.020 

cao 9.87 0.176 (x) 0.176 0.408 (xl) 0.408 Al 0.012 
Ti 0.014 

Na.to 7.96 0.129 (x2) 0.258 0.598 (x0.5) 0.299 Fe3+ 0.552 

1{10 0.00 0.000 (x2) 0.000 o.ooo (x0.5) 0.000 
Mg 0.130 
Fe.t+ 0.240 

Zr02 0.60 0.005 (xl) 0.005 0.012 (x2) 0.024 Mn 0.035 
Zr 0.012 

98.98 1. 727 4 5":"'724 

4/1.747 "' 2.290 6 - 5.724 "' 0.276 (ox. deficiency) 

Ca 0.408 J 
Na 0.598 1 
K 0.000 

6? 
o=' 

factor (X) Fe3+ "' 2 X 0.276 " 0.552 
t==J ro 

Fe2+ "' 0.240 > 
~ 
0 

~ 



Microprobe analyses- Pyroxene. Geologfjeld Formation. 

Sample no. 304160 304160 304160 304160 304160 304160 304160 304160 304160 304160 304160 304160 
Cryst &: posn 2.cor 2. i nt 2. rim 3.cor 3. rim 5. i nt 6.cor 6. rim 7.cor a.car !Lcor 9. i nt 

Major elements (wt7.) 

Si02 50.97 50.78 50.77 50.31 50.05 50.67 51.38 51.26 50.87 51 .83 51.24 51 .36 
Ti02 0.41 0.56 0.37 0.38 0.46 0.32 0.39 0.48 0.39 0.45 0.56 0.67 
Al203 0.72 1. 15 1. 02 1.37 1. 12 1. 12 0.97 1. 39 1 .45 0.84 1.10 0.95 
Fe203 3.30 3.57 3.75 3.13 2.97 1. 99 2.53 1.90 1. 70 1.35 2.07 2.30 
FeO 11.35 12.40 11.69 15.19 16.60 15.86 13.01 13.93 16. 13 14.10 12.20 13.20 
MnO 1.12 1 .07 1 .05 1. 28 1 .30 1. 25 1.09 1 .09 1. 18 1.14 0.99 1.23 
MgO 9.16 8.34 8.41 6.15 5.43 6.28 8.42 7.82 6.19 8.67 9.38 8.97 
CoO 21.48 21.96 22.04 21.61 21.34 21.47 21.54 21.70 21.81 21.77 21.65 21.77 
No20 1.07 1. 02 1.09 1.16 1. 15 1 .08 L09 1 .07 1 .05 0.82 0.89 0.79 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.0 

Total 99.59 100.86 100. 19 100.58 100.42 100.05 100.42 100.64 100.76 100.96 100.09 101.25 

FeOT 14.32 15.62 15.06 18.01 19.28 17.65 15.29 15.64 17.66 15.31 14.67 15.27 

4 cations to 6 oxygens 

Si 1.964 1.944 1. 953 1.955 1 .960 1 .977 1. 971 1.967 1.970 1 .979 1.962 1.956 
AI 0.033 0.052 0.046 0.063 0.052 0.052 0.044 0.063 0.066 0.038 0.050 0.043 
Ti 0.012 0.016 0.011 0.011 0.013 0.009 0. 011 0.014 0. 011 0.013 0.016 0.019 
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Fe3 0.096 0.103 0.108 0.092 0.088 0.058 0.073 0.055 0.049 0.039 0.060 0.066 
Mg 0.526 0.476 0.482 0.356 0.317 0.365 0 .. 481 0.447 0.357 0.494 0.535 0.509 
Fe2 0.366 0.397 0.376 0.494 0.544 0.518 0.417 0.447 0.523 0.450 0.391 0.420 
Mn 0.037 0.035 0.034 0.042 0.043 0.041 0.035 0.035 0.039 0.037 0.032 0.040 
Co 0.887 0.901 0.908 0.900 0.896 0.898 0.885 0.892 0.905 0.891 0.Fsol 0.Fsol 
No 0.080 0.076 0.081 0.087 0.087 0.082 0.081 0.079 0.079 0.060 0.066 0.059 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 7.9 7.7 8.3 8.9 8.8 8.2 8.0 7.8 7.9 5.9 6.4 5.7 
Fe2+Mn 39.9 43.9 42.1 54.7 59.2 55.6 44.6 47.8 56.3 46.8 41.3 44.7 
Mg 52.1 48.4 49.5 36.4 32.0 36.3 47.4 44.3 35.8 47.5 52.2 49.5 

Lith. code 314 314 314 314 314 314 314 314 314 314 314 314 6? 
Spot no. 2 7 J 4 5 20 23 24 26 28 31 33 o=' 
Nome Sol Sol Sol Fsol Fsal Fsol Sol Fsal Fsol Sol Sal Sal f==l 

(i} 

> 
~ 
0 
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Microprobe analyses -Pyroxene. Geologfjeld Formation. 

Sample no. 304160 304160 304160 304160 304160 304160 304160 304159 304159 304159 304159 304159 
Cryst l1c posn 9. rim 11 . cor 11. int 11 . rim 12.cor 12. i nt 12. rim 21. i nt 21.rim 22.cor 22. rim 23.cor 

Major elements {wt%) 

Si02 51 .31 51.14 51 .32 50.80 51. 16 49.90 49.91 50.48 49.7B 50.66 50.77 49.14 
Ti02 0.51 0.30 0.30 0.49 0.38 0.30 0.33 0.48 0.39 0.78 0.56 0.31 
Al203 1 . 12 0.93 1 .34 1.14 1 .37 1. 31 1.14 0.95 0.95 0.87 0.91 1. 26 
Fe203 0.52 2.90 1.20 2.12 1 .93 3.93 0.06 4.25 4.79 4.25 3.77 5.03 
FeO 17.01 12.29 15.22 15. 16 14.02 16.25 19.90 11.65 13.80 11 .08 11 . 81 15.44 
MnO 1. 09 1.10 1.27 1. 05 1.18 1.60 1.37 1.01 1 .23 1.01 0.92 1.08 
MgO 6.93 8.97 6.96 7.15 7.79 5.09 4.57 8.62 6.56 9.79 9.63 5.59 
CoO 21.64 21.81 21.77 21.79 21.79 21.40 21.26 21.46 21.38 21.42 21.46 21.46 
Na20 0.78 0.88 1 .04 0.93 0.97 1. 20 0.71 1.13 1. 24 0.92 0.82 1 .09 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0·400 0.00 0.00 0.0 
Zr02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Total 100.91 100.33 100.44 100.65 100.59 100.99 99.27 100.02 100. 12 100.79 100.66 100.39 

FeOT 17.48 14.91 16.30 17.07 15.76 19.79 19.95 15.47 18.12 14.91 15.21 19.97 

4 cations to 6 oxygens 

si 1. 981 1. 961 1. 982 1. 964 1 .966 1.949 1 .990 1 .945 1 .943 1. 931 1.940 1 .929 
AI 0.051 0.042 0.061 0.052 0.062 0.060 0.054 0.043 0.044 0.039 0.041 0.058 
Ti 0.015 0.009 0.009 0.014 0.011 0.009 0.010 0.014 0.011 0.022 0.016 0.009 
Zr 0.00 0.00 0.00 0.00 0 .. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Fe3 0.015 0.084 0.035 0.062 0.056 0. 116 0.002 0.123 0.141 0.122 0.108 0.149 
Mg 0.399 0.513 0.401 0.412 0.446 0.296 0.271 0.495 0.382 0.556 0.548 0.327 
Fe2 0.549 0.394 0.491 0.490 0.451 0.531 0.663 0.375 0.451 0.353 0.377 0.507 
Mn 0.036 0.036 0.042 0.034 0.038 0.053 0.046 0.033 0.041 0.033 0.030 0.036 
Co 0.896 0.896 0.901 0.902 0.897 0.896 0.908 0.886 0.894 0.875 0.879 0.902 
No 0.058 0.065 0.078 0.070 0.072 0.091 0.055 0.085 0.094 0.068 0.061 0.e8J 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 5.6 6.4 7.7 7.0 7. 1 9.4 5.3 8.6 9.7 6.7 6.0 8.7 
Fe2+Mn 56.1 42.7 52.7 52. 1 48.6 60.1 68.5 41.3 50.13 38.2 40.1 57.0 
Mg 38.3 50.9 39.6 41.0 44.3 30.5 26.2 50.1 39.5 55 .. 0 53.9 34.3 

Lith. code 314 314 314 314 314 314 314 314 314 314 314 314 
Spot no. 32 38 41 45 49 53 51 82 81 83 84 85 
Name Fsal Sol Fsol Fsal Fsol Fsol Fsol Sol Fsol Sol Sol Fsol 



Microprobe analyses- Pyroxene. Geologfjeld Formation.on. 

Sample no. 304159 304159 304159 304051 304051 304051 326161 326161 326161 58352 58352 58352 
Cryst 8c posn 23. rim 24.cor 24. rim 89.cor 89. i nt 89. rim 99.cor 99. i nt 99. rim 103.cor 103. rim 104.cor 

Major elements (wt%) 

Si02 49.17 50.23 49.74 50.13 50.22 50.30 49.99 50.31 50.12 49.52 48.61 48.89 
Ti02 0.43 0.45 0.00 0.59 0.58 0.48 0.64 0.72 0.80 0.60 0.44 0 0 61 
Al203 1.10 0.96 0.69 1 0 57 1.51 1.39 1.50 1.55 1.99 1.37 1.15 1.42 
Fe203 4.74 5.62 8.98 1 0 54 2.77 1 0 22 2.16 1.83 1 .07 3.65 4.33 4.11 
FeO 15.53 10.82 13.61 12.52 12.27 13.35 12.06 11 .89 11.26 13 018 16.22 13.59 
MnO 1 0 42 1 0 06 10 76 0.61 0.43 0.76 0.58 0.52 0.56 0.69 0.77 0.72 
MgO 5.38 8.49 4.06 9.54 8.93 8.77 9.38 9.88 10.62 8.53 5.35 7.22 
CoO 21.20 21.67 19.90 21.97 21.76 21.97 21.58 21.60 21 0 41 21.70 22.12 22.48 
Na20 1 0 18 1 .23 2.45 0.47 0.91 0.61 0.76 6.70 0.56 6.66 0.82 0.69 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.0 
Zr02 0.00 0.00 0.00 0.00 0.26 0.27 0.26 0.2~ 0.24 0.28 0.29 0.31 

Total 100.13 100.53 101.20 98.94 99.65 99.12 98.91 99.26 98.64 100.18 100 011 100.07 

FeOT 19.79 15.88 21.69 13.91 14.77 14.45 14.00 13.53 12.22 16.46 20.12 17.30 

4 cations to 6 oxygens 

Si 1.937 1.930 1 .945 1 0 942 1 .938 1 .954 1 .939 1 .939 1 .933 1 0 917 1 0 921 1 .909 
AI 0.051 0.044 0.032 0.072 0.069 0.064 0.069 0.071 0.090 0.063 0.054 0.065 
Ti 0.013 0.013 0.00 0.017 0.017 0.014 0.019 0.621 0.023 0.017 0.013 0.018 
Zr 0.00 0.00 0.00 0.00 0.005 0.005 0.005 0.005 0.005 0.095 0.006 0.0E!J6 
Fe3 0.140 0.163 0.264 0.045 0.081 0.036 0.E!J63 0.053 0.031 0.106 0.129 0 0 121 
Mg 0.316 0.486 0.237 0.551 0.513 0.508 0.542 0.567 0.610 0.492 0.315 0.420 
Fe2 0.511 0.348 0.445 0.406 0.396 0.434 0.391 0.383 0.363 0.427 0.536 0.444 
Mn 0.047 0.034 0.058 0.020 0.014 0.025 0.019 0.017 0.018 0.023 0.e26 0.024 
Co 0.895 0.892 0.834 0.912 0.900 0.914 0.897 0.892 0.885 0.900 0.937 0.940 
No 0.090 0.091 0.185 0.035 0.068 0.046 0.057 0.053 0.042 0.049 0.063 0.052 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.0 

Atomic percentages 

No 9.3 9.5 20.0 3.5 6.9 4.5 5.6 5.2 4. 1 4.9 ~."l 5.5 
Fe2+Mn 57.9 39.8 54.4 42.1 41.4 45.3 40.6 39.2 36.9 45.4 59.8 49.8 
Mg 32.8 50.7 25.6 54.4 51.8 50.1 53.7 55.6 59. 1 49.6 33.5 44.7 

Lith. coda 314 314 314 324 324 324 324 324 324 324 324 324 
Spot no. 86 87 88 263 264 265 283 284 285 293 294 295 
Name F'sal Sal A-A Sal Sal Sal Sal Sal Sal Sal Fsal F'sal 



Microprobe analyses - Pyroxene. Geologfjeld Formation. 

Sample no. 58352 58352 304055 304055 304055 
Cryst II: posn 108.cor 108. rim 25.cor 26.cor 26. rim 

Major elements (wt%) 

Si02 48.84 48.43 51.40 50.76 50.82 
Ti02 0.47 0.27 0.96 0.00 0.25 
Al203 1.32 1.36 0.49 0.60 1.96 
Fe203 2.67 4. 11 22.75 13.00 17.98 
FeO 13.22 14.49 5.50 14.00 8.15 
MnO 0.66 0.72 1.17 1 . 17 1. 11 
MgO 8.41 5.82 0.56 1.58 1 .05 
CoO 21 . 81 21.89 6.30 14.79 11.46 
Na20 0.47 1 . 01 10.22 5.19 7.63 
K20 0.00 0.00 0.00 0.00 0.0 
Zr02 0.34 0.30 1.40 0.52 . 0.40 

Toto I 98.24 98.41 100.75 101.60 100.83 

FeOT 15.63 18. 19 25.97 25.70 24.33 

4 cations to 6 oxygens 

Si 1 .927 1. 932 1.987 1. 982 1 .965 
AI 0.062 0.064 0.022 0.028 0.090 
Ti 0.014 0.008 0.028 0.00 0.007 
Zr 0.006 0.006 0.026 0.010 0.008 
Fe3 0.079 0.123 0.662 0.382 0.523 
Mg 0.494 0.346 0.032 0.092 0.061 
Fe2 0.436 0.483 0.178 0.457 0.264 
Mn 0.022 0.024 0.038 0.039 0.036 
Co 0.922 0.936 0.261 0.619 0.475 
No 0.036 0.078 0. 7.66 0.393 0.572 
K 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

Na 3.6 8.4 75.5 40.1 61.3 
Fe2+Mn 46.4 54.5 21.3 50.6 32.2 
Mg 50.0 37.2 3.2 9.4 . 6.5 

Lith. cod0 324 324 334 334 3.34 
Spot no. 301 302 89 91 92 
Nome Sol Fsol A-H A-H AH 



Microprobe analyses - Pyroxene. Motzfeldt So Formation. 

Sample no. 54132 304009 304009 304003 304003 304003 304003 304009 .304009 304009 304009 304009 
Cryst 8c posn APJ 15.cor 15. rim 16.cor 16. i nt 16. rim 17.cor 18.cor 18. i nt 18. r i l'il 19.cor 19. r i rn 

Major elements (wt%) 

Si02 51. 15 50.81 50.59 50.90 50.79 50.57 51. 19 50.90 50.57 51.45 51.90 51.53 
Ti02 0.72 0.75 0.60 0.57 0.30 0. 51 L78 0.30 0.50 0.00 0.00 0.0 
Al203 1. 47 0.46 0.51 1.09 0.86 1 .08 0.40 0.57 0.68 0.72 0.39 0.69 
Fe203 4.21 22.94 23.29 4.54 9.05 12.53 29.26 27.93 25.94 28.93 26.13 24.99 
FeO 7.89 5.90 5.43 8.10 7.87 9.67 0.00 2. 11 4.19 1.12 3.49 4.20 
MnO 0.67 0.79 0.65 0.61 0.99 1 .06 0.70 0.94 0.79 1. 07 1 .08 0.88 
MgO 10.55 0.79 0.73 10.85 7.54 4.05 0.00 0.57 0.25 0.36 0.64 0.46 
CoO 23.09 8.13 7.73 21.97 18.83 15.41 1. 75 5.96 5.39 4.37 6.06 6.65 
No20 1.04 9.40 9.59 1 . 11 3.18 5.07 13.31 10.71 10.61 11 . 59 10.52 10.23 
K20 0.02 0.00 0.00 0.00 e.e0 0.00 0. 11 0.00 0.00 0.00 0.00 0.0 
Zr02 0.05 1.18 1.28 0.00 0.31 0.48 2.68 0.40 1.,04 1. 13 0.41 0.40 

Total 100.86 , 01. 16 100.42 99.75 99.72 100.44 100.56 100.46 99.98 106.73 100.64 100.04 

FeOT 11 .68 26.55 26.39 12. 19 16.02 20.95 25.70 27.25 27.53 27.15 27.01 26.69 

4 cations to 6 oxygens 

Si 1 .925 1 .964 1 .967 1.935 1.954 1.959 1. 965 1 .966 1.970 1 .976 1. 998 1.996 
AI 0.065 0.021 0.024 0.049 0.039 6.050 0.018 0.026 0.031 0.032 0.018 0.032 
Ti 0.020 0.022 0.018 0.016 0.009 0.015 0.051 0.009 0.015 0.00 0.00 0.0 
Zr 0.001 0.022 0.024 0.00 0.006 0.009 0.050 0.007 0.020 0.021 0 .. 008 0.008 
Fe3 0. 119 0.667 0.682 0'.130 0.262 0.365 0.845 0.812 0.761 0.836 0.757 0.729 
Mg 0.592 0.045 0.042 0.615 0.432 0.234 0.00 0.033 0.014 0.021 0.037 0.027 
Fe2 0.248 0. 191 0.177 0.258 0.253 0.313 0.00 0.068 0.136 0.036 0. 112 0.136 
Mn 0.021 0.026 0.022 0.020 0.032 0.035 0.023 0.031 0.026 0.035 0.035 0.029 
Co 0.931 0.337 0.322 0.895 0.776 0.640 0.072 0.246 0.225 0.180 0.250 0.276 
No 0.076 0.704 0.723 0.082 0.237 0.381 0.990 0.802 0.801 0.863 0.785 0.768 
K 0.001 0.00 0.00 0.00 0.00 0.00 0.006 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 8.1 72.9 75.0 8.4 24.8 39.6 97.7 85.9 82.0 90.4 81.0 80.0 
Fe2+Mn 28.7 22.5 20.6 28.5 29.9 36.1 2.3 10.6 16.6 7.4 15.2 17.2 
Mg 63.2 4.7 4.4 63.1 45.3 24.3 0.00 3.5 1.4 2.2 3.8 2.8 

Lith. coda 432 434 434 434 434 434 434 434. 434 434 434 434 
Spot no. - 63 64 65 67 66 68 69 71 70 74 73 
Name Sol A-H A-H Sol A-A A-A Aeg Aeg Aeg Aeg Aeg Aeg 



Microprobe analyses - Pyroxene. Motzfeldt So Formation. 

Sample no. 304009 304009 304009 326091 326091 326091 326091 326091 326091 
Cryst Ill posn 20.cor 20. rim 84.cor 112.cor 112.rim 117.cor 117. i nt 121.cor 121 .cor 

Major elements {wt%) 

Si02 51.25 51.43 51.75 48.71 48.41 50.57 50.73 50.20 50.15 
Ti02 0.22 0.31 0.45 0.51 0.58 0.61 0.64 0.42 0.93 
Al203 0.74 0.75 0.52 1.15 0.86 1.29 1. 20 0.73 0.84 
F'e203 25.49 28.20 21 .39 5.24 14.28 2.37 2.69 26.12 22.11 
FeO 3.81 1.63 8.17 8.29 11.47 10.89 10.45 4.13 6.49 
MnO 0.90 1.05 0.48 0.63 0.71 0.71 0.76 0.60 0.70 
MgO 0.61 0.50 0.64 8.90 1. 96 9.54 9.58 0.72 0.84 
CoO 7.59 5.20 8.53 21.75 12.99 22.24 21.92 4.05 5.56 
No20 10.00 11. 17 8.96 1. 36 5.73 0.87 1.08 10.76 9.87 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 0.70 0.48 -1 .00 0.45 0.88 0.25 0.23 1. 20 1 .. 38 

Total 101 . 31 100.73 100.90 97.00 97.86 99.34 99.29 98.93 98.87 

FeOT 26.74 27.00 27.42 13.00 24.32 13.02 12.87 27.64 26.39 

4 cations to 6 oxygens 

Si 1. 967 1 .974 2.000 1.924 1 .952 1 .947 1. 951 1. 971 1 .976 
AI 0.034 0.034 0.024 0.053 0.041 0.059 0.055 0.034 0.039 
Ti 0.006 0.009 0.013 0.015 0.018 0.018 0.019 0.012 0.027 
Zr 0.013 0.009 0.00 0.009 0.017 0.005 0.004 0.023 0.026 
Fe3 0.736 0.814 0.622 0.156 0.433 0.069 0.078 0.772 0.656 
Mg 0.035 0.029 0.037 0.524 0. 118 0.548 0.549 0.042 0.049 
Fe2 0.122 0.052 0.264 0.274 0.387 0.351 0.336 0.136 0.214 
Mn 0.029 0.034 0.016 0.021 0.024 0.023 0.025 0.020 0.024 
Co 0.312 0.214 0.353 0.920 0.561 0.917 0.903 0. 171 0.235 
No 0.744 0.831 0.671 0.104 0.448 0.065 0.081 0.819 0.754 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 80.0 87.8 67.9 11.3 45.9 6.6 8.2 se.5 72.4 
F'e2+Mn 16.2 9. 1 28.3 32.0 42.1 37.9 36.4 15.3 22.9 
Mg 3.8 3. 1 3.7 56.8 12. 1 55.5 55.4 4. 1 4.7 -
Lith. code 434 434 434 434 434 434 434 434 434 
Spot no. 75 77 253 308 309 318 317 323 324 
Nome Aeg Aeg A-H Sol A-H Sol Sol Aeg A-H 



Microprobe analyses -Pyroxene. tl inks Dol formation. 

Sample no. 304752 304752 304752 304752 304752 304752 304752 304752 304752 304752 304752 304752 
Cryst lk posn 45.cor 45. i nt 45. rim 46.cor 47.cor 48.cor 48. i nt 48. rim 50.cor 50. i nt 50. rim 50. rim 

Major elements (~t%) 

Si02 50. 11 50. 11 50.84 52.23 52.28 50.17 51.49 52.64 51.65 50.53 50.41 50.73 
Ti02 0.38 0.34 0.30 1. 66 1. 29 0.41 0.37 0.43 0.47 0.33 0.41 0.36 
Al203 0.72 0.68 0.81 0.34 0.22 0.84 0.30 0.63 1.00 0.81 0.42 1 .01 
Fe203 8.02 8.54 5.18 28.54 26.79 4.44 14.68 21.91 2.46 4.12 15.83 2.97 
FeO 16.08 15.80 16.20 1. 62 2.38 16.70 12.75 7.58 14.34 13.52 10.62 13.18 
MnO 1 .55 1. 64 1.60 1. 05 1 .08 1.34 1.28 0.76 1. 10 1.15 0.86 1.16 
MgO 3. 18 3.20 4.88 0.64 0.71 4.75 1.65 0.83 7.83 6.54 1.67 7.65 
CoO 19.69 19.80 21.40 4.74 4.61 20.27 13.70 8.60 21.99 21.24 12.29 21.59 
No20 2.53 2.52 1.54 11.65 11.44 1. 69 5.90 9.16 0.99 1 .55 6.56 1. 15 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1 .00 -1 .00 -1.00 -1.00 -1.00 -1 .00 -1 .00 

Total 102.25 102.63 102.74 102.47 100.79 100.62 102. 14 102.54 101 .83 99.78 99.07 99.81 

FeOT 23.29 23.49 20.86 27.30 26.48 20.69 25.97 27.29 16.56 17.23 24.87 15.85 

4 cations to 6 oxygens 

Si 1.950 1.945 1 .955 1 .967 1. 996 1 .967 1 .990 1 .998 1 .965 1. 970 1. 994 1 .966 
AI 0.033 0.031 0.037 0.015 0.010 0.039 0.014 0.028 0.045 0.037 0.020 0.046 
Ti 0. 011 0.010 0.009 0.047 0.037 0.012 0. 011 0.012 0.014 0.010 0.012 0.011 
Zr 0.00 0.00 0:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Fe3 0.235 0.249 0.150 0.809 0.770 0. 131 0.427 0.626 0.070 0.121 0.471 0.087 
Mg 0.185 0.185 0.280 0.036 0.040 0.278 0.095 0.047 0.444 0.380 0.098 0.442 
re2 0.523 0.513 0.521 0.051 0.076 0.548 0.412 0.241 0.456 0.441 0.351 0.427 
Mn 0.051 0.054 0.052 0.033 0.035 0.044 0.042 0.025 0.035 0.038 0.029 0.038 
Co 0.821 0.823 0.882 0.191 0.188 0.852 0.567 0.350 0.896 0.887 0.521 0.897 
No 0. 191 0.190 0.115 0.851 0.847 0.129 0.442 0.674 0.073 0.117 0.503 0.087 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.ee e.00 0.0 

Atomic percentages 

No 20. 1 20.2 11 . 9 87.6 84.9 12.9 44.6 68.3 7.2 12.0 5.1.3 8.8 
re2+Mn 60.4 60.2 59.2 8.7 11 . 1 59.3 45.8 27.0 48.7 49.1 38.7 46.8 
Mg 19.5 19.6 28.9 3.7 4.0 27.8 9.6 4.8 44.0 38.9 10.0 44.5 

I 

Lith. code 514 514 514 514 51.4 514 514 514 514 514 514 514 
Spot no. 164 165 166 167 168 169 170 171 175 176 177 178 
Nome A-A A-A A-A Aeg Aeg Aeg A-H A-H tSOI A-A A-H Fsol 



Microprobe analyses- Pyroxene. Fl inks Dol Formation. 

Sample no. 304752 304752 304752 304752 304752 304752 304758 304758 
Cryst l1c posn 51.cor 51. rim 51. rim 52.cor 52. i nt 52. rim 163.cor 164. rim 

Major elements (wt%) 

Si02 49.88 50.28 50.98 49.46 49.94 50.78 50.56 50.70 
Ti02 0.38 0.34 0.20 0.35 0.41 0.26 0.34 0.36 
A1203 0.82 0.73 0.79 0.79 0.79 0.52 0.75 0.71 
Fe203 6.07 4.66 7.19 6.90 6.25 13.02 6.19 6.17 
FeO 15.07 15.85 12.47 17.75 18.39 12.88 11.67 11.96 
MnO 1.49 1. 45 1 .08 1. 53 1.49 1 .35 1.25 1.16 
MgO 4.61 4.80 5.54 2.60 2.67 1 .85 6.57 6.90 
CoO 20.14 20.35 19.65 19. 11 19. 11 14.41 20.14 20.14 
No20 2.02 1.83 2.70 2.38 2.36 5.38 2.22 2.09 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 -1 .00 -1 .00 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1.00 

Total 100.48 100.30 100.61 100.87 101 .41 100.44 99.69 100.20 

FeOT 20.53 20.05 18.94 23.96 24.01 24.60 17.24 17.51 

4 cations to 6 oxyg0ns 

Si 1 .957 1 .974 1.973 1.960 1 .967 1 .993 1 .966 1.962 
AI 0.038 0.034 0.036 0.037 0.037 0.024 0.034 0.032 
Ti 0.011 0.010 0.006 0.010 0.012 0.008 0.010 0.011 
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Fe3 0.179 0.138 0.209 0.206 0.185 0.385 0. 181 0.1130 
Mg 0.270 0.281 0.320 0.154 0.157 0.108 0.381 0.398 
Fe2 0.495 0.520 0.404 0.588 0.606 0.423 0.380 0.387 
Mn 0.049 0.048 0.035 0.051 0.050 0.045 0.041 0.038 
Co 0.847 0.856 0.815 0.811 0.806 0.606 0.839 0.835 
No 0.154 0. 139 0.203 0.183 e. 180 0.409 0.167 0 .. 157 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 15.9 14. 1 21 . 1 18.8 18. 1 41.5 17.2 16.0 
Fe2+Mn 56.2 57.5 45.6 65.5 66.1 47.5 43.4 43.4 
Mg 27.9 28.4 33.3 15.8 15.8 11 . 0 39.3 40.6 

Lith. code 514 514 514 514 514 514 514 514 
Spot no. 179 180 181 182 183 184 399 400 
Nome A-A A-A A-A A-A A-A A-A A-A A-A 



Microprobe analyses- Pyro~ene. Alkol i gabbro & Larvikite. 

Sample no. 272549 272549 272549 272455 58037 58062 
Cryst lie posn APJ APJ APJ APJ APJ APJ 

Major elements (wt%) 

Si02 49.79 51 .38 51.28 51.81 50.85 50.87 
Tl02 1. 75 1.10 1 .65 0.89 1.06 1. 19 
Al203 3.10 1.77 3.10 1. 78 1.90 1 .88 
Fe203 3.72 1 .53 0.00 0.00 2.77 0.47 
FeO 7.33 8.86 9.94 13.20 8.76 11.54 
MnO 0.28 0.32 0.36 0.55 0.56 0.62 
MgO 12.28 12.61 11.82 10.22 11.73 10.73 
CoO 22.41 22.39 20.78 21.59 22.39 21.77 
Na20 0.63 0.45 0.84 0.68 0.62 0.59 
K20 0.00 0.00 0.02 0.00 0.00 0.0 
Zr02 0.03 0.00 0.00 0.06 0.06 0.03 

Total 101 .31 100.40 99.79 100.78 100.70 99.69 

FeOT 10.67 10.23 9.94 13.20 11.25 11.96 

4 cations to 6 o~ygens 

Si 1 .853 1.925 1. 929 1.959 1. 910 1 .938 
AI 0.136 0.078 0.137 0.079 0.084 0.084 
Ti 0.049 0.031 0.047 0.025 0.030 0.034 
Zr 0.001 0.00 0.00 0.001 0.001 0.001 
Fe3 0.104 0.043 0.00 0.00 0.078 0.013 
Mg 0.681 0.704 0.663 0.576 0.657 0.609 
Fe2 0.228 0.277 0.313 0.417 0.275 0.368 
Mn 0.009 0.010 0. 011 0.018 0.018 0.020 
Co 0.894 0.899 0.838 0.875 0.901 0.889 
No 0.045 0.033 0.061 0.050 0.045 0.044 
K 0.00 0.00 0.001 0.00 0.00 0.0 

Atomic percentages 

No 4.7 3.2 5.8 4.7 4.5 4.2 
Fe2+Mn 24.6 28.0 30.9 41.0 29.4 37.3 
Mg 70.7 68.8 63.3 54.3 66.0 58.5 

Lith. code 614 614 614 621 621 621 
Spot no. 0 0 0 0 0 0 
Name Sal Sol Sal Sal Sal Sal 



Microprobe analyses -Pyroxene. Laminated alkol i syenite. 

Sample no. 304718 304718 304718 304718 
Cryst Be posn 38.cor 38. i nt 38. rim 39.cor 

Major elements (wt%) 

Si02 48.93 50.52 50.93 48.74 
Ti02 0.50 0.27 0.45 0.50 
Al203 0.69 0.54 0.39 0.54 
Fe203 14.24 14.08 12.99 10.00 
FeO 14.06 13.98 14.73 14.28 
MnO 0.95 0.93 0.89 0.98 
MgO 0.89 0.90 0.78 2.87 
CoO 15. 13 14.45 13.96 17.29 
Na20 4.95 5.52 5.69 3.49 
K20 0.00 0.00 0.00 0.0 
Zr02 -1 .00 -1.00 -1 .00 -1 .00 

Total 100.34 101.22 100.82 98.70 

FeOT 26.87 26.66 26.42 23.28 

4 cations to 6 oxygens 

Si 1 .947 1 .982 2.002 1 .957 
AI 0.032 0.025 0.018 0.025 
Ti 0.015 0 .. 008 0.013 0.015 
Zr 0.00 0.00 0.00 0.0 
Fe3 0.426 0.416 0.384 0.302 
Mg 0.053 0.052 0.046 0.172 
Fe2 0.468 0.459 0.484 0.480 
Mn 0.032 0.031 0.030 0.033 
Ca 0.645 0.607 0.588 0.744 
Na 0.382 0.420 0.434 0.272 
K 0.00 0.00 0.00 0.0 

Atomic percentages 

Na 40.9 43.7 43.7 28.4 
Fe2+Mn 53.5 50.9 51.7 53.6 
Mg 5.7 5.4 4.6 18.0 
-
Lith. code 634 634 634 634 
Spot no. 138 140 139 141 
Name A-H A-H A-H A-H 



Microprobe analyses - Pyroxene. Laminated porphyritic syenite. 

Sample no. 54232 304032 304032 
Cryst ell: posn 29.cor 137.cor 139.cor 

Major elements (~t%) 

Si02 52.26 49.77 52.52 
Ti02 0.71 0.00 0.70 
Al203 0.00 0.00 0.79 
Fe203 32.54 14.96 27.71 
FeO 0.55 14.27 4.20 
MnO 0.00 0.83 0.41 
MgO 0.00 0.49 0.0 
CaO 0.80 12.86 3.79 
Na20 13.34 5.83 11.64 
K20 0.00 0.00 0.0 
Zr02 0.55 -1 .00 -1 .00 

Total 100.76 99.02 101.75 

FeOT 29.83 27.73 29.13 

4 cations to 6 oxygens 

Si 1 .996 2.001 1.995 
AI 0.00 0.00 0.035 
Ti 0.020 0.00 0.020 
Zr 0.010 0.00 0.0 
Fe3 0.935 0.453 0.792 
Mg 0.00 0.029 0.0 
Fe2 0.018 0.480 0.133 
Mn 0.00 0.028 0.013 
Ca 0.033 0.554 0.154 
Na 0.988 0.455 0.857 
K 0.00 0.00 0.0 

Atomic percentages 

Na 98.2 45.9 85.4 
Fe2+Mn 1.8 51.2 14.6 
Mg 0.00 2.9 0.0 
-

Lith. code 641 644 644 
Spot no. 107 362 365 
Name Aeg A-H Aeg 



Microprobe analyses- Pyroxene. Perolkol ine microsyenite. 

Sample no. 258372 258372 258372 304185 304185 .:304185 304185 
Cryst lk posn GS.cor GS.cor GS. rim 130. cor 130.cor 134.cor 134.cor 

Major elements (~t%) 

Si02 52.86 52.94 52.45 52.30 52.88 52.76 5.3.2.3 
Ti02 0.81 0.96 0.61 1.02 0.92 0.68 1.04 
Al203 1 . 11 0.71 1. 16 0.40 0.89 1. 71 1.12 
Fe203 30.17 33.02 29.18 30.93 30.98 29.64 30.21 
FeO 1.40 0.00 1.61 2.03 1 .59 2.19 1.24 
MnO 0.48 0.00 0.44 0.34 0.00 0.00 0.41 
MgO 0.00 0.00 0.00 0.32 0.00 0.00 0.0 
CoO 0.77 0.69 0.69 1. 09 1. 24 e.Hl 0.64 
No20 13. 16 13.84 13.01 12.84 13.23 1.3.31 1.3.46 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 -1.00 -1.00 -1 .00 0.75 0.86 0.78 0.54 

Total 100.78 101 .24 98.16 102.03 102.58 101.25 101 .90 

FeOT 28.55 28.80 27.87 29.87 29.47 28.85 28.42 

4 cations to 6 oxygens 

Si 2.006 1 .995 2.019 1.979 1 .983 1.994 1 .999 
AI 0.050 0.031 0.053 0.018 0.039 0.076 0.050 
Ti 0.023 0.027 0.018 0.029 0.026 0.019 0.029 
Zr 0.00 0.00 0.00 0.014 0.016 0.014 0.010 
Fe3 0.861 0.936 0.845 0.881 0.874 0.843 0.854 
Mg 0.00 0.00 0.00 0.018 0.00 0.00 0.0 
Fe2 0.045 0.00 0.052 0.064 0.050 0.069 0.0.39 
Mn 0.016 0.00 0.014 0.011 0.00 0.00 0.013 
Co 0.032 0.028 0.028 0.044 0.050 0.007 0.026 
No 0.969 1 . 011 0.971 0.942 0.962 0.976 0.980 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 94.1 100.0 93.6 91.0 95.1 93.4 95.0 
Fe2+Mn 5.9 0.00 6.4 7.2 4.9 6.6 5.0 
Mg 0.00 0.00 0.00 1 . 7 0.00 0.00 0.0 
-
Lith. code 731 731 731 731 731 731 731 
Spot no. 0 0 0 337 338 342 34.3 
Nome Aeg Aeg Aeg Aeg Aeg Aeg Aeg 



Microprobe analyses - Pyro~ene. Undiff. 

Sample no. 304074 304074 304074 304074 304074 304074 304074 
Cryst &: posn 59.cor 59. i nt 59. rim 60.cor 60. rim 65.cor 65. riM 

Major elements (~tr.) 

Si02 49.69 49.07 49.46 50.58 50.97 49.97 50.16 
Ti02 0.00 0.00 0.00 0.19 0.27 0.00 0.0 
Al203 0.76 0.56 0.68 0.94 0.86 0.55 0.43 
F"e203 12.48 13.40 14.71 21.47 18.88 17.12 14.73 
FeO 16.70 16. 16 14.39 9.16 10.75 12.54 14.31 
MnO 0.93 1. 00 0.94 0.58 0.53 0.80 0.89 
MgO 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
CoO 15.18 14.88 13.09 8.86 9.78 11.63 12. 10 
Na20 4.81 4.84 5.83 8.53 8.06 6.80 6.31 
K20 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Zr02 -1 .00 -1.00 -1 .00 -1 .00 -1 .00 -1 .00 -1 .00 

Total 100.56 99.92 99.11 100.31 100. 11 99.40 98.93 

FeOT 27.93 28.22 27.63 28.48 27.74 27.94 27.56 

4 cations to 6 oxygens 

Si 1. 981 1 .973 1 .988 1 .980 2.000 1 .993 2.013 
AI 0.036 0.027 0.032 0.043 0.040 0.026 0.021 
Ti 0.00 0.00 0.00 0.006 0.008 0.00 0.0 
Zr 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
Fe3 0.374 0.405 0.445 0.633 0.557 0.514 0.445 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
F"e2 0.557 0.543 0.484 0.300 0.353 0.418 0.480 
Mn 0.032 0.034 0.032 0.019 0.018 0.027 0.030 
Co 0.648 0.641 0.564 0.372 0. 411 0.497 0.520 
No 0.372 0.377 0.454 0.647 0.613 0.526 0.491 
K 0.00 0.00 0.00 0.00 0.00 0.00 0.0 

Atomic percentages 

No 38.7 39.5 46.8 67.0 62.3 54.2 49.1 
Fe2+Mn 61.3 60.5 53.2 33.0 37.7 45.8 50.9 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.0 
-
Lith. code 921 921 921 921 921 921 921 
Spot no. 200 201 202 203 204 210 211 
Name A-H A-H A-H A-H A-H A-H A-H 



Microprobe analyses - Amphibole. 

Sample no. 304160 304160 304160 304160 304160 .304160 304160 .304160 304160 304160 304160 304160 
Cryst lk posn i.cor 2. i nt 2. rim 5.cor 5. int 5. r i rn 27.cor 27. i nt 27. rim 28.cor 28. i nt 28. r ifil 

Major elements (~t%) 

Si02 41.08 41.53 38.64 39.88 39.57 39.01 39.32 37.33 37.94 40.61 39.!!l8 39.77 
Ti02 2.87 2.85 2.60 2.85 2.72 2.75 2.82 2.65 2.46 2.89 2.54 2.70 
Al203 9.15 9.30 9.82 9.48 9.33 9.34 9.36 9.93 10.00 9.08 9.74 9.43 
Fe203 0.59 0.16 2.22 2.23 0.70 0.70 0.30 4.72 1.88 0.0 2.64 2.40 
FeO 20.66 20.92 26.00 21.73 23.48 26.28 24.23 24.55 26.79 21.76 22.56 23.60 
MnO 0.90 0.54 1. 27 0.99 1.09 1.30 1.26 1. 39 1. 28 0.93 1.17 1 .40 
MgO 7.10 7.37 2.31 5.17 4.88 2.64 4.22 1. 73 1. 77 6.19 4 . .38 3.78 
CoO 10.83 10.94 10.40 10.52 10.33 10.33 10.56 10.32 10. 11 10.59 10.40 10.32 
Na20 3.10 3.17 2.93 3.40 2 .. 95 3.00 2.87 3.15 2.90 3.07 3.09 3.32 
K20 1.50 1.43 1. 70 1. 36 1.50 1.48 ~.54 1.65 1.57 1.53 1.55 1 .53 
Zr02 0.0 0.0 0:24 0.0 0.18 0.19 0.28 0.36 0.38 0.0 0.0 0.0 

Total 97.79 98.20 98.14 97.62 96.73 97.02 96.75 97.79 97.07 96.65 97.15 98.27 

FeOT 21.20 21.07 28.00 23.74 24. 11 26.91 24.50 28.80 28.48 21.76 24.93 25.77 

16 cations to 23 oxygens 

Si 6.405 6.427 6.231 6.304 6.346 6.338 6.336 6.074 6.211 6.436 6.255 6.316 
AI 1 .682 1 .697 1.868 1. 767 1. 764 1. 789 1. 779 1.906 1 .929 1.696 1 .837 1. 766 
Ti 0.337 0.331 0.315 0.339 0.328 0.335 0.341 0.324 0.302 0.345 0.305 0.323 
Zr 0.0 0.0 0.019 0.0 0.014 0.015 0.022 0.028 0.030 0.0 0.0 0.0 
FeJ 0.070 0.019 0.269 0.266 0.084 0.085 0.036 0.578 0.231 0.0 0.3~8 0.287 
Mg 1 .649 1. 700 0.556 1 .219 1. 165 0.640 1. 013 0.421 0.432 1 .463 1 .046 0.896 
Fe2 2.694 2.708 3.507 2.873 3.150 3.570 3.266 3.341 3.668 2.884 3.020 3.135 
Mn 0.120 0.071 0.174 0.132 0.148 0.179 0.172 0.191 0.177 0.125 0.159 0.189 
Co 1.809 1.814 1. 797 1. 783 1. 776 1. 798 1.823 1. 800 1. 773 1. 798 1. 784 1. 757 
No 0.936 0.951 0.916 1.043 0.918 0.945 0.896 0.995 0.919 0.944 0.959 1. 021 
K 0.299 0.282 0.349 0.275 0.307 0.306 0.317 0.342 0.327 0.309 0.317 0.310 

Atornie percentages 

No 21 .3 21.3 28.0 25.8 23.8 27.9 24.0 30.9 29.4 22.4 25.3 27.8 
Co 41.2 40.6 55.0 44.1 46.0 53.1 48.8 56.0 56.8 42.8 47.1 47.8 
Mg 37.5 38.1 17.0 30.1 30.2 18.9 27.1 13. 1 13.8 34.8 27.6 24.4 

~ 
lith. code 314 314 314 314 314 314 314 314 314 314 314 314 0" 
Spot no. 104 105 106 95 94 96 97 98 99 100 101 102 F=' 

Colour Orb-yb Orb-yb Ogb-yb Orb-b Drb-b Ogb-gb Db-b Ogb-gb Ogb-gb Drb-b Orb-b Dgb-gb ro 
Nome H-Hb H-Hb Has H-Hb H-Hb H-Hb H-Hb Has Has H-Hb H-Hb H-Hb > 

~ 
0 

etJ 



Microprobe analyses -Amphibole. 

Sample no. 304159 304159 304159 304159 304159 304159 304159 304159 326189 326189 326189 326189 
Cryst &: posn 86.cor 86. rim 87.cor 87. i nt 87. rim 88.cor 88. i nt 88. rim 157.rim 158. rim 160.cor 160. rim 

Major elements (wt%) 

Si02 40.49 38.98 41.00 41 . 11 40.81 40.50 39.92 39.50 38.10 37.90 40.02 37.63 
Ti02 2.83 2.46 2.89 3.06 2.12 2.86 2.76 2.47 2.37 2.16 3.78 2. 11 
A1203 10.09 10.81 9.76 9.73 9.76 10.08 1l?J.40 10.29 11 . 19 11.75 10.43 11.08 
Fe203 1.87 2.48 0.41 0.0 1.42 0.50 e.e 2.59 4.22 3.77 0.0 2.95 
FeO 23.95 26.72 22.90 23.79 25.04 25.77 26.90 27.60 26.18 27.68 24.66 27.83 
MnO 1.03 1. 28 0.79 1.10 1. 22 1.05 1.18 1 . 21 1.26 1.17 0.56 1. 06 
MgO 4. 11 1. 73 5.49 5.09 4.06 3.75 2.79 1 .35 1.37 0.86 4.42 0.74 
CoO 11 . 01 10.55 10.89 11.06 10.99 11.04 10.77 10.64 11.08 10.90 11.06 10.86 
Na20 3.24 3.08 3.23 3.15 2.90 2.92 2.88 3. 16 2.94 2.68 2.65 2.63 
K20 1. 62 1. 63 1 .50 1.43 1.63 1.67 1.64 1 .65 1,66 1.81 1.65 1. 75 
Zr02 -1 .00 -1 .00 -1 .00 -1 .00 -1.00 -1 .00 -1.00 -1.00 -1 .00 -1.00 -1.00 -1 .00 

Total 100.24 99.73 98.85 99.50 99.94 100.16 99.25 100.45 100.36 100.70 99.24 98.64 

FeOT 25.63 28.95 23.26 23.79 26.31 26.22 26.90 29.93 29.97 31.07 24.66 30.48 

16 cations to 23 oxygens 

Si 6.285 6.186 6.379 6.383 6.372 6.317 6.3~5 6.245 6.12)40 6.014 6.281 6.098 
AI 1 .847 2.023 1. 791 1. 780 1. 796 1.854 1 .940 1 .918 2.091 2.199 1 .929 2. 116 
Ti 0.330 0.294 0.338 0.357 0.248 0.335 0.328 0.293 0.282 0.258 0.446 0.258 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 0.219 0.297 0.048 0.0 0.166 0.059 0.0 0.308 0.503 0.450 0.0 0.359 
Mg 0.950 0.410 1. 274 1 .177 0.944 0.873 0.659 0.319 0.324 0.203 1 .035 0 .. 179 
Fe2 3.109 3.546 2.980 3.089 3.270 3.361 3.559 3.650 3.470 3.673 3.236 3.771 
Mn 0.135 0.172 0.104 0.144 0. 161 e. 139 0.158 0.162 0.169 0.157 0.075 0.146 
Co 1 .831 1. 794 1. 815 1. 840 1.838 1. 845 1.826 1 .803 1. 882 1.854 1. 860 1. 885 
No 0.974 0.949 0.975 0.948 0.879 0.884 0.883 0.970 0.902 0.825 0.807 0.825 
K 0.322 0.330 0.297 0.283 0.324 0.332 0.331 0.332 0.336 0.367 0.331 0.362 

Atomic percentages 

No 25.9 30.1 24.0 23.9 24.0 24.5 26.2 31.4 29.0 219.6 21.8 28.6 
Co 48.8 56.9 44.7 46.4 50.2 51.2 54.2 51!1.3 60.6 64.3 50.2 65.2 
Mg 25.3 13.0 31.3 29.7 25.8 24.2 19.6 10.3 10.4 7.0 28.0 6.2 

Lith. code 314 314 314 314 314 314 314 314 324 324 324 324 
Spot no. 255 256 257 258 259 260 261 262 388 390 393 394 
Colour Drb-yb Dgb-yb Drb-yb Drb-yb Dgb-yb Drb-yb Drb-yb Dgb-yb Dgb-yb Dgb-yb Drb-yb Dgb-yb 
Nome H-Hb Has H-Hb H-Hb H-Hb H-Hb H-Hb H-Hb Has Has H-Hb Has 



Microprobe analyses - Amphibole. 

Sample no. 304051 304051 304051 304051 304051 305051 304051 304051 304051 326161 326161 326161 
Cryst & posn 90.cor 90. i nt 90. rim 91.cor 91. i nt 91.rlrn 92.cor 92. i nt 92. r i rn 98.cor 98. i nt 98. r i rn 

Major elements (wtr.) 

Si02 39.25 39.46 37.05 39.56 38.79 36.67 39.28 38.57 37.40 38.67 37.83 36.60 
Ti02 3.77 3.68 1. 63 3.66 3.65 2.25 3.60 3.36 2.55 3.66 3.05 2.07 
Al203 10.44 10.36 11.06 10.29 10.66 11.37 10.59 10.61 11 . 41 10.31 10.84 11.43 
Fe203 0.00 0.00 3.78 0.00 0.00 3.72 0.0 0.0 0.50 0.0 0.0 2.45 
FeO 21.71 22.13 26.40 22.24 25. 11 27.11 23.65 25.32 28.01 22.81 26.41 26.34 
MnO 0.45 0.54 1.08 0.55 0.68 1 . 11 0.61 0.59 0.83 0.55 0.83 1. 21 
MgO 5.78 5.52 1.09 5.60 3.65 0.62 4.25 3.65 1.50 5.00 2.29 1.29 
CoO 10.9.3 11 . 15 10.05 11. 14 11 . 11 10.82 11.07 10.97 10.70 10.98 10.78 10.56 
No20 2.96 2.91 2.80 2.89 2.57 2.71 2.74 2.67 2.57 2.84 2.78 2.60 
K20 1 .53 1.42 1. 79 1.59 1. 68 1. 71 1. 63 1 .68 1.62 1. 51 1.52 1.69 
Zr02 0 . .31 0.28 0.69 0.26 0.63 0.68 0.24 0.47 0.64 0.14 0 . .38 0.76 

Total 97.12 97.46 97.42 97.80 98.52 98.77 97.67 97.89 97.73 96.48 96.70 97.00 

FeOT 21 . 71 22.13 29.80 22.24 25. 11 30.46 2.3.65 25.32 28.46 22.81 26.41 28.54 

16 cations to 23 oxygens 

Si 6.212 6.240 6.074 6.232 6.179 5.959 6.255 6. 171 6.086 6.197 6.166 6.016 
AI 1 .947 1 . 9.32 2. 1.38 1. 912 2.001 2.178 1 .988 2.601 2.188 1 .948 2.082 2.214 
Ti 0.448 0.437 0.201 0.434 0.4.37 0.275 0.431 0.404 0.312 0.441 0.374 0.256 
Zr 0.024 0.022 0.055 0.020 0.049 0.054 0.019 0~037 0.051 0. 011 0.030 0.061 
Fe3 0.0 0.0 0.466 0.0 0.0 0.455 0.0 0.0 ; 0.061 0.0 0.0 0 . .303 
Mg 1 .362 1 .300 0.267 1. 316 0.866 0.151 1. 010 0.870 0.363 1. 195 0.556 0.317 
Fe2 2.874 2.927 3.620 2.930 3.345 3.684 3.150 3.387 3.811 3.057 3.600 3.620 
Mn 0.060 0.073 0.150 0.073 0.091 0.153 0.082 0.080 0.115 0.075 0.114 0.168 
Co 1.854 1. 889 1. 766 1 .881 1. 896 1.884 1.888 1. 881 1.865 1. 885 1.883 1.859 
No 0.907 0.893 0.890 0.883 0.793 0.854 0.846 0.827 0. 811 0.882 0.878 0.830 
K 0.310 0.287 0.374 0.320 0.341 0.354 0.332 0.342 0 . .336 0.309 0.316 0 . .354 

Atomic percentages 

No 22.0 21.9 30.4 21.6 22.3 29.6 22.6 2.3. 1 26.7 22.3 26.5 27.6 
Co 45.0 46.3 60.4 46. 1 53.3 65.2 50.4 52.6 61.4 47.6 56.8 61.8 
Mg 33.0 31.8 9. 1 32.3 24.4 5.2 27.0 24.3 11.9 30.2 16.8 10.5 

Lith. code .324 .324 324 .324 .324 324 324 324 324 324 324 324 
Spot no. 266 267 268 269 270 271 272 273 274 280 281 282 
Colour Drb-rb Drb-rb Dg-g Drb-yb Orb-yb Ogb-g Orb-yb Drb-yb Dgb-yb Drb-rb Dgb-rb Dgb-g 
Nome MHos MHos Has Has Has Has H-Hb Has Has Has Has Has 



Microprobe onolyses -Amphibole. 

Sample no. 326161 326161 58352 58352 58352 58352 58352 58352 
Cryst lie posn 100. rim 101 .cor 106.cor 106. i nt 106. rim 110.cor 110. int 110.rim 

Major elements (wt%) 

Si02 36.23 38.37 37.06 37.36 36.91 37.88 37.58 315.47 
Ti02 2.05 3.62 2.66 3.22 2.47 3.45 3 016 1 0 62 
A1203 11.00 10.58 10.47 9.85 9.88 9.42 9.83 9.26 
Fe203 3.78 0.08 4 0 61 2.43 2.32 0.78 0.99 5.84 
FeO 26.76 23.16 24.75 25.38 27.21 25.21 25.92 26.60 
MnO 1 0 21 0.68 0.76 0.56 1.05 0.52 0.75 1.27 
MgO 0.73 4.92 2.24 3.04 1.33 3.51 2.86 0.29 
CoO 10.43 10.84 10.62 10.68 10.52 10.59 10.59 9.54 
Na20 2.65 2.68 2.97 2.76 2.69 2.84 2.80 3.10 
K20 1 0 61 1 0 69 1. 60 1.53 1.39 1 .48 1.42 1.63 
Zr02 0.43 0.03 0.50 0.45 0.22 0.38 0.45 1.05 

Total 96.88 96.66 98.25 97.27 96.00 96.05 96.34 96.66 

FeOT 30.16 23.24 28.89 27.57 29.30 25.91 26.81 31 .85 

16 cations to 23 oxygens 

Si 5.997 6.146 5.990 6.073 6 0 141 6.194 6.157 6.105 
AI 2.147 1 0 998 1 0 995 1.887 1 0 938 1 0 816 1 .898 1 .828 
Ti 0.255 0.437 0.324 0.394 0.309 0.425 0.390 0.204 
Zr 0.034 0.002 0.039 0.035 0.018 0.030 0.036 0.086 
Fe3 0.471 0.010 0.560 0.297 0.290 0.096 0.122 0.736 
Mg 0.180 1 '175 0.540 0.737 0.331 0.856 0.697 0.071 
Fe2 3.705 3.103 3.345 3.451 3.786 3.448 3.552 3.724 
Mn 0.169 0.092 0.104 0.078 0.147 0.071 0.104 0.180 
Co 1 .850 1.860 1 .840 1 .860 1.876 1 .856 1 .859 1 0 711 
No 0.850 0.832 0.931 0.871 0.868 0.899 0.889 1 '006 
K 0.341 0.345 0.331 0.318 0.295 0.309 0.296 0.348 

Atomic percentages 

No 29.5 21 0 5 28.1 25 0 1 28.2 24.9 25.8 36 0 1 
Co 64.2 48.1 55.6 53.6 61.0 51.4 54.0 61 .4 
Mg 6.3 30.4 16.3 21 0 3 10.8 23.7 20.2 2.5 

Lith. code 324 324 324 324 324 324 324 324 
Spot no. 288 289 297 298 299 304 305 306 
Colour Dg-g Drb-rb VDrb-rb VDrb-rb VOgb-gb Orb-yb Orb-yb VOg-yb 
Name Has Has Has Has Has Has Has Has 



Microprobe analyses- Amphibole. 

Sample no. 304055 304055 304055 304055 304055 304055 304055 304055 304055 304055 
Cryst /k posn 68.cor 68. rim 69.cor 69. rim 70.cor 70. r ilil 71.cor 71. r ifil 72.cor 72. r ifil 

Major elelilents (~t%) 

Si02 42.19 43.10 42.18 43.88 43.17 43.69 40.45 41.77 40.05 42.20 
Ti02 1.37 1. 65 1.89 1. 48 1.50 1. 40 1.80 1.58 3.00 1. 69 
Al203 5.28 5.41 6.37 5.09 6.22 5.16 6.94 6.21 10.07 6.61 
Fe203 6.98 5.82 4.13 7.79 5.16 5.55 6 .. 41 7.80 0.0 7.52 
FeO 23.29 25.25 24.36 23.19 26.17 25.79 25.05 23.61 23.59 23.61 
MnO 1.35 1.40 1 . 21 1. 33 1.17 1.38 1.40 1.25 0.58 1.28 
MgO 2.26 2.14 3.27 2.04 1. 76 2.08 1. 69 1.65 5.26 2.03 
CoO 6.66 6.43 8.09 4.59 5.81 6.77 7.60 6.44 10.38 6.06 
No20 5.16 5.20 4.33 6.36 5.43 5.16 4.33 5.30 3.01 5.46 
K20 1. 69 1. 67 1.69 1.69 1.56 1. 64 1. 69 1. 70 , .•. sa 1. 74 
Zr02 -1 .00 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1.00 -1.00 -1.00 -1.00 

Total 96.23 98.07 97.53 97.43 97.96 98.62 97.56 97.51 97.53 98.22 

FeOT 29.57 30.48 28.08 30.20 30.82 30.78 30.82 30.63 23.59 30.38 

16 cations to 23 oxygens 

Si 6.889 6.917 6.767 7.033 6.923 6.977 6.579 6.747 6.331 6.745 
AI 1.016 1.024 1. 205 0.961 1.176 0.971 1.332 1. 183 1.678 1 .246 
Ti 0.168 0.199 0.228 0.178 0.181 0.169 0.220 0.192 0.357 0.203 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 0.857 0.703 0.498 0.939 0.623 0.667 0.795 0.948 0.0 0.904 
Mg 0.549 0.512 0.782 0.488 0.421 0.494 0.409 0.445 1 .238 0.483 
Fe2 3. 181 3.388 3.269 3.109 3.511 3.444 3.407 3.190 3. 119 3.157 
Mn 0.186 0.190 0.165 0.181 0.159 0.187 0.193 0. 171 0.078 0.173 
Co 1 .166 1. 107 1. 390 0.789 0.999 1. 159 1.359 1. 114 1. 758 1.039 
No 1.635 1 . 618 1.348 1. 977 1 .688 , .598 1 .365 1. 660 0.922 1. 693 
K 0.353 0.341 0.346 0.345 0.319 0.333 0.351 0.350 0.319 0.355 

Atomic percentages 

No 48.8 50.0 38.3 60.8 54.3 49.2 43.6 51.6 23.5 52.7 
Co 34.8 34.2 39.5 24.2 32.1 35.7 43.4 34.6 44.9 32.3 
Mg 16.4 15.8 22.2 15.0 13.5 15.2 13. 1 13.8 31.6 15.0 

Lith. code 334 334 334 334 334 334 334 334 334 334 Spot no. 217 218 219 220 221 222 223 224 225 226 
Colour VDg-g VDg-g VDg-bg VDg-g VDg-g VDg-g VDg-bg VDg-g VDbg-bg VDg-g Nome Kat Kat FEd Kat Kat Kat FEdHb Kat H-Hb I< at 



Microprobe analyses -Amphibole. 

Sample no. 304710 304710 304710 304710 304710 304710 304052 304052 304052 304052 304052 .304052 
Crys.t a: posn 42.cor 42. i nt 42. rim 43.cor 43. i nt 43. r ifl'l 56.cor 56. i nt 56. rim 57.cor 57.cor 57. i nt 

Major elements (wt%) 

Si02 49.17 49.46 48.88 49.58 48.36 48.65 48.55 48.76 49.1!14 47.95 47.9.3 48.16 
Ti02 0.79 0.76 0.80 0.92 0.94 0.90 0.63 0.7.3 0.57 1. 42 1 .58 1.40 
Al203 1.63 1.17 1 .56 1. 71 1.78 1. 52 1.54 1. 62 1.45 1. 76 1. 7.6 1. 98 
Fe2o3 9.36 8.93 9.97 9.19 11. 13 8.81 6.86 5.15 7.08 5.79 6.39 6.21 
FeO 25.14 25.50 24.40 25.87 24.37 26.45 25.23 26.35 24.23 26.04 26.20 25.61 
MnO 1. 23 1. 13 1. 21 1.02 1.02 1.22 1. 31 1.04 1. 24 1.26 1.12 1.14 
MgO 0.44 0. 51 0.40 0.54 0.43 0.25 2.07 1.98 2.01 1 .88 1.94 1 .94 
CoO 0.99 0.79 0.60 0.91 0.80 0.49 2.93 2.88 2.66 3.21 3.15 3.12 
Na20 8.96 9.01 9.12 9.00 9.00 8.69 7.49 7.44 7.89 7.39 7.44 7.53 
K20 1 .55 1 .52 1.60 1.54 1.62 1.63 1 .63 1. 59 1.70 1.52 1.50 1 .60 
Zr02 -1 .00 -1 .00 -1 .00 -1 .00 -1.00 -1.00 -1.00 -1.00 -1 .00 -1 .00 -1 .00 -1.00 

Total 99.29 98.78 98.55 100.28 99.46 98.61 98.25 97.54 97.88 98.23 99.00 98.70 

FeOT 33.57 33.53 33.37 34.14 34 .. 38 34.38 31 .41 30.98 30.60 31.26 .31 . 94 31. 21!1 

16 cations to 23 oxygens 

Si 7.722 7.802 7.726 7.708 7.600 7.727 7.687 7.762 7.758 7.611 7.558 7.593 
AI 0.302 0.217 0.291 0.314 0.330 0.286 0.287 0.305 0.270 0.329 0.327 0.368 
Ti 0.094 0.090 0.095 0.108 0. 111 0.107 0.075 0.088 0.068 0.169 0.187 0.166 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .. 0 
Fe3 1. 106 1 .060 1.186 1 .075 1 .316 1 .053 0.818 0.617 0.843 0.692 0.758 0.737 
Mg 0.103 0.121 0.094 0.125 0.100 0.058 0.488 0.47~ 0.474 0.445 0.456 0.456 
Fe2 3.302 3.364 3.225 3.363 3.203 3.514 3.341 3.507 3.206 3.457 3.455 3.377 
Mn 0.164 0.150 0.162 0.135 0.136 0.164 0.175 0.140 0.167 0.169 0.150 0.153 
Co 0.167 0.134 0.102 0. 151 0.135 0.083 0.497 0.49.1 0.451 0.547 0.532 0.527 
No 2.730 2.755 2.796 2.714 2.744 2.677 2.301 2.298 2 .. 421 2.273 2.275 2.301 
K 0.310 0.306 0.323 0.306 0.325 0.331 0.330 0.322 0.343 0.308 0.302 0.321 

Atomic percentages 

No 91 .0 91.5 93.4 90.8 92.1 95.0 70.0 70.5 72.4 69.6 69.7 70.1 
Co 5.6 4.5 3.4 5.1 4.5 2.9 15. 1 15. 1 13.5 115.8 16.3 16.0 
Mg 3.4 4.0 3. 1 4.2 3.4 2. 1 14.9 14.4 14.2 13.6 14.0 13.9 

Lith. code 415 415 415 415 415 415 414 414 414 414 414 414 
Spot no. 152 153 154 155 156 157 191 192 193 194 196 195 
Colour VDgbl-g VDgbl-g VDgbl-g VDgbl-g VOgbl-g VDgbl-g Dg-yg Dg-yg Dg-yg Dg-yg Dg-yg Dg-yg 
Nome Arf Arf Ar f Arf Arf Arf Arf Arf Arf Arf Arf Arf 



Microprobe analyses - Amphibole. 

Sample no. 304052 304165 304165 304165 304165 304003 304003 304003 304003 304003 304003 304003 
Cryst 8c posn 57. rim 148.cor 148. rim 149.cor 150.cor 75.cor 75. i nt 75. rim 77.cor 77.cor 77. i nt 77. rim 

Major elements (wt%) 

Si02 48.25 48.57 50.38 48.72 47.67 44.18 45.45 45.97 45.40 45.35 44.59 44.54 
Ti02 1 .35 1. 08 0.88 1. 25 1 .47 2.05 2.69 2.72 2.47 2.04 2.04 2.10 
Al203 1. 79 1 .80 1 .36 1. 72 2. 61 5.68 4.48 4.44 5.20 5.51 5.31 5.00 
Fe203 5. 61 10. 11 8.32 7.93 10.22 5.29 7.50 8.82 5.71 4.44 6.03 7.16 
FeO 26.89 23.45 21.25 25.23 22.83 21.03 23.30 22.66 21 .04 22.02 21 .04 21.82 
MnO 1. 18 1. 25 1.88 1 . 12 1 . 41 1.46 1. 31 1.56 1 .37 1 .38 1. 47 1.54 
MgO 1. 96 1. 46 3.09 1.57 2.05 5.29 2.49 1. 91 5.42 5.20 4.99 3.93 
CoO 3.45 0.73 0.34 0.62 0.98 7.64 4.35 3.53 6.75 6.71 6.56 6.56 
No20 7.22 8.67 8.95 8.40 8.32 5.05 6.98 7.64 5.69 5.53 5.62 5.76 
K20 1. 51 1. 90 1 . 91 1. 84 1 .93 1. 63 1.69 1. 74 1.66 1 .54 1.53 1. 65 
Zr02 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1.00 -1 .00 -1.00 -1 .00 -1 .00 _, .00 -1.00 

Total 99.22 99.03 98.36 98.42 99.49 99.29 100.25 101.00 100.71 99.70 99.19 100.07 

FeOT 31.93 32.55 28.73 32.37 32.03 25.79 30.05 30.60 26.18 26.01 26.47 28.26 

16 cations to 23 oxygens 

Si 7.595 7.619 7.823 7.691 7.439 6.852 7.056 7.083 6.924 6.983 6.921 6.911 
AI 0.333 0.333 0.249 0.320 0.480 1 .038 0.821 0.807 0.935 1 .000 0.972 0.914 
Ti 0.160 0.128 0.103 0.149 0.172 0.240 0.315 0.315 0.284 0.236 0.238 0.245 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 0.664 1 . 194 0.972 0.943 1. 201 0.617 0.876 1 .023 0.655 0.514 0.705 0.836 
Mg 0.461 0.341 0.715 0.370 0.478 1 .223 0.576 0.440 1. 231 1 .192 1. 154 0.909 
Fe2 3.540 3.076 2.760 3.331 2.979 2.729 3.025 2.920 2.684 2.835 2.731 2.831 
Mn 0.158 0.166 0.247 0.150 0.186 0.192 0.172 0.204 0.177 0.179 0.194 0.203 
Co 0.581 0.123 0.057 0.105 0.164 1.269 0.724 0.583 1. 104 1. 107 1. 091 1. 091 
No 2.204 2.639 2.695 2.570 2.517 1.518 2. 101 2.283 1 .684 1.650 1. 691 1. 733 
K 0.304 0.381 0.379 0.371 0.385 0.322 0.335 0.343 0.322 0.303 0.303 0.328 

Atomic percentages 

No 67.9 85.0 77.7 84.4 79.7 37.9 61.8 6.9. 1 41.9 41.8 43.0 46.4 
Co 17.9 4.0 1 . 6 3.4 5.2 31.6 21.3 17.6 27.5 28.0 27.7 29.2 
Mg 14.2 11.0 20.6 12.2 15. 1 30.5 ~6.9 13.3 30.6 30.2 29.3 24.4 

Lith. code 414 414 414 414 414 434 434 434 434 434 4.34 434 
Spot no. 197 375 376 377 378 231 232 233 235 236 238 239 
Colour Dg-yg VDblg-g VDbl g-g VOblg-g VDblg-g g-b Dg-b Vdg-Db g-gb g-gb 9-gb Og-gb 
Nome Art Arf Arf Art Arf Kot Kot Arf Kot Kat Kot Kot 



Microprobe analyses- Amphibole. 

Sample no. 304003 304003 304003 304003 304003 304003 304003 304003 304003 304003 :304003 304003 
Cryst lk posn 79.cor 79. i nt 79. rim 81.cor 81. int 81. rim 82.cor 82. i nt 82. rim 83.cor 83. i nt 83. rim 

Major elements (wt%) 

Si02 44.12 45.22 44.83 44.54 44.37 44.85 45.40 46.12 44.80 45.1~ 45.32 45.27 
Ti02 2.09 2.63 2.62 3. 14 2.15 2.15 1. 99 1.95 2.60 2.01 2.02 2.91 
Al203 5.69 4.64 4.38 7.64 5.60 5.16 5.70 5.03 4.86 5.61 5.52 4.27 
Fe203 4.57 10. 14 8.36 0.0 3.98 6.51 3.23 6.02 6.74 4.45 4.66 6.13 
FeO 21 .96 20.46 21.51 17.86 22.28 22.73 22.46 21.74 23.83 20.25 21.36 24.62 
MnO 1.48 1. 41 1.30 0.68 1.30 1.45 1.22 1. 26 1. 46 1.40 1.44 1.48 
MgO 5.06 2.83 2.76 9.56 . 4.94 3.52 5.66 4.87 2.78 6.18 5.84 1.94 
CoO 7.50 4.28 4.24 10.70 7.76 5.95 7.56 5.54 5.13 7.82 7.56 4.16 
Na20 4.94 7.41 7.14 3.48 4.93 6.09 5.01 6.23 6.39 5.05 5.15 6.95 
K20 1.63 1 . 71 1. 62 1. 49 1 .68 1.51 1.63 1 .60 1 '58 1. 70 1. 513 1 .58 
Zr02 -1.00 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1.00 -1.00 -1 .00 -1 .00 -1.00 -1.00 

Total 99.05 100.74 98.76 99.09 99.01 99.93 99.37 100.36 100. 16 99.59 109.40 99.32 

FeOT 26.07 29.59 29.03 17.86 25.87 28.59 25.37 27.16 29.89 24.26 25.49 30.14 

16 cations to 23 oxygens 

Si 6.873 6.959 7.039 6.736 6.911 6.963 6.972 7.1!l55 6.976 6.921 6.925 7. 1 15 
AI 1 .045 0.842 0.811 1. 362 1 .028 0.944 1 .033 0.906 0.893 1 .016 0.995 0.791 
Ti 0.245 0.305 0.310 0.357 0.252 0.252 0.230 0.225 0.304 0.232 0.232 0.344 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 0.536 1. 174 0.987 0.0 0.467 0.761 0.373 0.693 0.790 0.514 0.528 0.726 
Mg 1 .175 0.650 0.645 2.156 1.148 0.815 1 .295 1. 1 10 0.644 1. 414 1. 331 0.455 
Fe2 2.861 2.634 2.824 2.260 2.903 2.951 2.884 2.781 3.103 2.599 2.730 3.235 
Mn 0.195 0.184 0.174 0.088 0.172 0. 191 0.159 0.154 0.193 0.182 0.187 0.197 
Co 1. 253 0.705 0.713 1.734 1.295 0.990 1.244 0.908 0.855 1. 285 1.238 0.701 
No 1. 494 2.210 2.173 1. 021 1 .489 1 .835 1. 491 1 .847 1 .928 1 .503 1.527 2. 118 
K 0.324 0.335 0.324 0.287 0.334 0.299 0.319 0.311 0.314 0.333 0.309 0.317 

Atomic percentages 

No 38.1 62.0 61.5 20.8 37.9 50.4 37.0 47.8 56.3 35.3 37.3 64.7 
Co 31.9 19.8 20.2 35.3 32.9 27.2 30.9 23.5 24.9 36.6 30.2 21.4 
Mg 30.0 18.2 18.3 43.9 29.2 22.4 32.1 28.7 18.8 33.7 32.5 13.9 

Lith. code 434 434 434 434 434 434 434 434 434 434 434 434 
Spot no. 240 241 242 244 245 246 247 248 249 250 251 252 
Colour g-b Dg-b Dg-b rb-Pb Dg-b Dg-b Db-g g-Ob Dg-VOb Dg~Db Dg-Db VDg-VDb 
Nome Kot Kot Kot FEdHb Kot Kat Kot Kot Kat Kat Kat Kat 



Microprobe analyses -Amphibole. 

Sample no. 326091 326091 326091 
Cryst & posn 113. cor 113. int 116. cor 

Major elements (~t%) 

Si02 42.13 42.02 44.03 
TI02 2.76 2.62 3.02 
A1203 6.50 6.73 7.08 
Fe203 0.30 2.97 1.56 
FeO 21. 16 19.39 18. 12 
MnO 0.81 0.99 0.87 
MgO 7.32 6.57 9.13 
CoO 9.59 7.52 10. 15 
No20 3.52 4.58 4.00 
K20 1. 47 1. 53 1. 49 
Zr02 0.40 0.19 0.27 

Toto I 95.96 95.13 99.72 

FeOT 21 .43 22.06 19.53 

16 cations to 23 oxygens 

Si 6.703 6.723 6.648 
AI 1. 219 1. 270 1. 261 
Ti 0.331 0.315 0.342 
Zr 0.031 0.015 0.020 
Fe3 0.036 0.358 0.177 
Mg 1. 736 1.567 2.053 
Fe2 2.816 2.594 2.288 
Mn 0.109 0.135 0. 111 
Co 1 .635 1. 289 1. 642 
No 1.086 1. 422 1 . 171 
K 0.299 0.311 0.287 

Atomic parcantogas 

No 24.4 33.2 24.1 
Co 36.7 30.1 33.7 
Mg 38.9 36.6 42.2 

Lith. code 434 434 434 
Spot no. 310 311 315 
Colour g-Prb g-Prb Orb-yg 
Nome FEdhb FEdhb FEdhb 



Microprobe analyses- Amphibole. 

Sample no. 326091 326092 326092 326092 326092 326092 
Cryst &: posn 121.cor 151 .cor 152. rim 15J.cor 153. rim 154.cor 

Major elements (wt%) 

Si02 41.96 43.13 42.94 44.16 43.83 42.97 
Ti02 2.96 2.72 3.01 2.87 2.56 2.89 
Al203 6.89 7.21 6.22 7.50 5.99 5.97 
Fe203 1.07 0.0 4.60 0.08 3.26 2.27 
FeO 17.23 22.30 24.48 20.71 23.00 27.22 
MnO 0.80 0.82 1.12 0.67 1.22 1.18 
MgO 9.00 6.55 2.68 8.35 4.99 2.64 
CoO 10.00 10.48 6.23 10.51 8.07 8.33 
No20 3.57 3.43 5.46 3.53 4.65 4.29 
K20 1 0 53 1.53 1. 78 1 0 66 1.65 1.77 
Zr02 0.22 -1 .00 -1 .00 -1 .00 -1.00 -1.00 

Total 95.24 98.19 98.53 100.05 99.22 99.54 

FeOT 18.20 22.30 28.62 20.79 25.94 29.27 

16 cations to 23 oxygens 

Si 6.627 6.724 6.805 6.678 6.826 6.800 
AI 1.283 1.326 1 0 162 1 .337 1 0 100 1. 113 
Ti 0.351 0.319 0.359 0.327 0.299 0.344 
Zr 0.017 0.0 0.0 0.0 0.0 0.0 
Fe3 0.128 0.0 0.548 0.009 0.383 0.271 
Mg 2 0 118 1 0 522 0.634 1.883 1 0 158 0.624 
Fe2 2.276 2.908 3.245 2.620 2.996 3.603 
Mn 0.107 0.108 0 0 151 0.086 0.160 0.159 
Co 1 0 692 1 0 751 1 .058 10 704 1 .346 1 0 413 
No 1.093 1 .037 1.678 1 .036 1 .405 1 .316 
K 0.309 0.305 0.360 0.320 0.327 0.357 

Atomic percentages 

No 22.3 24.1 49.8 22.4 35.9 39.2 
Co 34.5 40.6 31.4 36.9 34.4 42 01 
Mg 43.2 35.3 18.8 40.7 29.6 18.6 
-
Lith. code 434 434 434 434 434 434 
Spot no. 322 380 381 382 383 384 
Colour Db-Yb Db-gb Db-Dg Db-yb Dgb-Pgb Db-gb 
Nome FEdHb FEdHb Kat FEdHb FEd FEd 



Microprobe analyses -Amphibole. 

Sample no. 304752 304752 304752 304752 304752 304758 304758 326103 326103 326103 326103 272438 
Cryst lk posn 49.cor 49. i nt 49. rim 54.cor 55.cor 165.cor 166.cor 161.cor 161. rim 162.cor 162. rim APJ 

Major elements (wt%) 

Si02 42.59 42.85 42.87 46.01 46.61 47.97 48.63 41.33 42.27 41.71 42.08 41.61 
Ti02 2. 10 1.94 2.19 1. 75 1 .54 0.96 0.90 1. 99 1. 91 1. 81 1 .90 3.83 
A1203 6.88 7.14 6.88 4.24 3.53 2.18 1 .89 6.62 6.83 6.52 6.99 8.80 
Fe203 3.46 2.35 2.15 4. 11 4.12 7.48 4.72 3.46 2.61 1.94 3.47 0.0 
FeO 23.97 25.06 25.16 21.65 24.01 20.16 23.01 23.23 22.25 21.68 22.33 15.15 
MnO 1.45 1 .36 1 .43 1. 42 1 .52 1. 46 1.46 1 .40 1.20 1 . 10 1 .36 0.55 
MgO 4.38 4.35 4.19 5.60 4.03 4.64 4.44 4.33 5.51 5.87 5.42 9.18 
CoO 9.13 9.50 9.25 6.65 5.59 3.25 3.33 9.24 9.49 9. 11 9.49 12.12 
No20 3.93 3.71 3.83 5.55 5.93 7.46 7.08 3.66 3.66 3.56 3.65 3.44 
K20 1 . 61 1 .56 1.58 1.53 1. 61 1. 58 1. 51 1.60 1., 61 1.58 1.55 1.53 
Zr02 -1 .00 -1 .00 -1 .00 -1.00 -1 .00 -1 .00 -1.00 -1 .00 -1.00 -1.00 -1 .00 0.02 

Total 99.50 99.82 99.52 98.51 98.51 97.14 96.96 96.87 97.34 94.89 98.26 96.23 

FeOT 27.09 27.17 27.09 25.35 27.72 26.89 27.26 26.34 24.60 23.43 25.46 15. 15 

16 cations to 23 oxygens 

Si 6.671 6.692 6.719 7.154 7.313 7.536 7.673 6.656 6.704 6.761 6.633 6.445 
AI 1 . 271 1.315 1. 271 0.777 0.653 0.405 0.351 1 .257 1 .277 1. 246 1. 298 1 .607 
Ti 0.247 0.228 0.258 0.205 0.181 0.114 0.107 0.241 0.228 0.220 0.226 0.446 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.002 
Fe3 0.408 0.276 0.253 0.481 0.486 0.884 0.561 0.419 0.311 0.237 0.412 0.0 
Mg 1 .023 1.012 0.978 1.297 0.943 1 .086 1 .043 1 .040 1 .302 1. 419 1. 274 2. 119 
Fe2 3.141 3.273 3.298 2.815 3. 151 2.648 3.037 3.129 2.952 2.939 2.944 1 .962 
Mn 0.192 0.181 0.190 0.186 0.202 0.195 0.195 0. 191 0.161 0. 151 0.181 0.072 
Co 1. 532 1. 590 1.554 1.108 0.941 0.547 0.563 1.595 1.613 1. 582 1.603 2. 011 
No 1 . 193 1 . 122 1.163 1. 672 1.806 2.271 2.167 1. 142 1.126 1 . 118 1.116 1 .033 
K 0.323 0.310 0.315 0.304 0.323 0.316 0.303 0.329 0.326 0.327 0.312 0.302 

Atomic percentages 

No 31.8 30.1 31.5 41 .0 48.9 58.2 57.4 30.2 27.9 27.1 27.9 20.0 
Co 40.9 42.7 42.1 27.2 25.5 14.0 14.9 42.2 39.9 38.4 40.1 39.0 
Mg 27.3 27.2 26.5 31 .8 25.6 27.8 27.6 27.5 32.2 34.5 31.9 41.0 

Lith. code 514 514 514 514 514 514 514 524 524 524 524 531 
Spot no. 172 173 174 188 190 401 402 395 396 397 398 0 
Colour Dg-gb Dg-gb Dg-gb Dg-b Dblg-g Dgbl-g Dgbl-g Dgb-rb Dgd-rb gb-yb Dgb-yb 
Nome FEdHb FEdHb FEdHb Kat Kat Arf Arf FEdHb FEdHb FEd FEdHb MH-Hb 



Microprobe analyses- Amphibole. 

Sample no. 272439 272443 272443 272477 272482 272485 58020 58025 272510 
Cryst & posn APJ APJ APJ APJ APJ APJ APJ APJ APJ 

Major elements (wt%) 

Si02 42.08 46.48 44.44 43.37 43.40 44.05 45.02 43.83 44.90 
Ti02 2.53 1. 38 2. 41 2.33 2.32 2.45 0.88 2.53 2.09 
Al203 9.02 3.12 6.72 4.22 7.30 5.88 3.64 7.53 4.85 
Fe203 0.33 7.85 0.0 4.57 2.36 2.60 9.47 0.0 4.08 
FeO 20.53 22.60 20.59 25.67 20.59 25.50 16.23 17.21!1 22.16 
MnO 0.65 1.50 0.86 1.25 0.76 1. 35 1.14 0.79 1.36 
MgO 8.72 2.61 8.36 2.88 7.04 3.48 6.48 10., 9 4.99 
CoO 10.26 2.63 9.71 6.94 9.12 7.44 6.31 8.34 6.78 
Na20 2.97 7.70 3.42 4.90 4.32 5.03 6.13 3.45 5.48 
K20 1 .50 1. 38 1.37 1 . 71 1. 26 1.37 1 .44 1.49 1,43 
Zr02 0.08 0.29 0.0 0.12 0.0 0.0 0.0 0.0 0.09 

Total 98.67 97.54 97.88 97.96 98.48 99.15 96.74 95.43 98.21 

FeOT 20.83 29.66 20.59 29.78 22.72 27.84 24.75 17.28 25.83 

16 cations to 23 oxygens 

Si 6.456 7.377 6.879 6.972 6.700 6.916 7.077 6.845 7.034 
AI 1. 631 0.584 1. 226 0.800 1.329 1 .088 0.675 1 .386 6.896 
Ti 0.292 0.165 0.281 0.282 0.269 0.289 0.164 0.297 0.246 
Zr 0.006 0.022 0.0 0.009 0.0 0.0 0.0 0.0 0.007 
Fe3 0.038 0.937 0.0 0.552 0.274 0.307 1. 120 0.0 0.481 
Mg 1.994 0.617 1. 929 0.690 1 .620 0.814 1. 518 2.372 1. 165 
Fe2 2.635 3.000 2.665 3.451 2.659 3.348 2.134 2.257 2.903 
Mn 0.084 0.202 0. 113 0.170 0.099 0.180 0.152 0.105 0.180 
Co 1 .687 0.447 1. 610 1.195 1. 509 1.252 1.063 1.396 1 . 138 
No 0.884 2.370 1 .026 1 .527 1.293 1. 531 1.868 1 .045 1. 664 
K 0.294 0.279 0.271 0.351 0.248 0.274 0.289 0.297 0.286 

Atomic percentages 

No 19.4 69.0 22.5 44.8 29.2 42.6 42.0 21.7 41.9 
Co 37.0 13.0 35.3 35.0 34.1 34.8 23.9 29.0 28.7 
Mg 43.7 18.0 42.3 20.2 36.6 22.6 34.1 49.3 29.4 

Lith. code 531 531 531 531 531 531 531 53.1 534 
Spot no. 0 0 0 0 0 0 0 0 0 
Colour - - - - - - - - -
Name H-Hb Ar f FEd Kat FEdHb Kat Kat Ed Kat 



Microprobe analyses- Amphibole. 

Sample no. 272455 58062 
Cryst & posn APJ APJ 

Major elements (~t%) 

Si02 42.82 42.69 
Ti02 2.95 4.14 
Al203 10.94 9.25 
Fe203 0.0 0.0 
FeO 18.98 14.85 
MnO 0.47 0.51 
MgO 6.66 10.73 
CoO 9.78 11.44 
No20 3.77 2.75 
K20 1.50 1. 41 
Zr02 0.27 0.09 

Total 98.14 97.86 

FeOT 18.98 14.85 

16 cations to 23 oxygens 

Si 6.590 6.506 
AI 1.985 1. 662 
Tl 0.341 0.475 
Zr 0.020 0.007 
Fe3 0.0 0.0 
Mg 1.527 2.437 
Fe2 2.443 1 .893 
Mn 0.061 0.066 
Co 1. 613 1.868 
No 1. 125 0.813 
K 0.295 0.274 

Atomic percentages 

No 26.4 15.9 
Co 37.8 36.5 
Mg 35.8 47.6 
-

Lith. code 624 624 
Spot no. 0 0 
Colour - -
Nome FEdHb FedHb 



Microprobe analyses - Amphibole. 

Sample no. 63721 58400 304718 304718 304718 304718 304718 304718 304718 304718 304718 304718 
Cryst & posn APJ APJ 35.cor 36.cor 37.cor 39.cor 39. rim 40.cor 40. i nt 40. rirn 41 .cor 41. i nt 

Major elements (~t7.) 

Si02 43.06 42.45 40.93 42.63 43.95 43.26 43.30 42.16 42.23 43.40 42.16 42.34 
Ti02 2.54 2.66 2.31 1 .8e 2.16 2.40 1.88 2.70 2.69 2.69 2.70 2.65 
Al203 5.06 5.88 6.43 4.32 4.38 5.33 4.87 6.45 6.05 5.36 6.65 6.36 
Fe203 0. 41 0.29 4.58 2.75 4.24 4.43 3.89 3.56 2.40 3.40 4.49 4.95 
FeO 30.13 28.80 24.47 27.44 27.73 26.99 26.98 27.34 28.50 27.63 27.06 26.21 
MnO e.92 1. 63 0.79 1 . 21 1. 27 1. 22 1 .08 1 .09 1 .08 1 . 11 0.99 1 .09 
MgO 2.67 2.51 2.77 1.53 1. 78 1. 64 1. 69 2.29 1 . 91 2.05 1.83 2.06 
CoO 8.39 8.27 8.25 7.52 7.00 7. 11 6.37 8.80 8.08 7.17 8.08 7.71 
Na20 3.89 3.93 4.43 4.66 5.06 5.18 5.28 4.28 4.29 4.94 4.71 4.85 
K20 1.35 1. 42 1. 45 1.43 1.59 1.51 1.44 1.42 1' 49 1. 59 1. 41 1.57 
Zr02 0.14 0.17 0.04 -1 .00 -1.00 -1.00 -1.00 -1 .00 -1.00 -1 .00 -1.06 -1.00 

Total 98.56 98.01 96.43 95.28 99.15 99.06 96.78 100.08 98.73 99.34 99.50 99.80 

FeOT 30.50 29.06 28.58 29.91 31.55 30.97 30.48 30.54 30.66 30.69 31. 10 30.66 

16 cations to 23 oxygens 

Si 6.922 6.848 6.666 7.082 7.019 6.900 7.049 6.666 6.779 6.896 6.712 6.698 
AI 0.959 1 . 118 1.235 0.845 0.824 1.002 0.934 1 .262 1 .144 1 .063 1. 135 1.187 
Ti 0.307 0.323 0.282 0.225 0.260 0.288 0.230 0.321 0.324 e.J22 0.323 0.315 
Zr 0.011 0.013 0.003 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
F'e3 0.049 0.035 0.561 0.344 0.510 0.532 0.477 6.423 0.289 0.407 0.538 0.590 
Mg 0.640 0.603 0.673 0.379 0.423 0.389 0. 411 0.540 0.458 0.486 0.435 0.486 
Fe2 4.051 3.885 3.333 3.813 3.704 3.600 3.673 3.614 3.827 3.671 3.603 3.467 
Mn 0.125 0.223 0.109 0.170 0. 171 0.164 0.149 0.146 0.147 0.149 0.133 0.146 
Co 1.445 1. 429 1. 439 1. 339 1.198 1. 216 1 . 111 1. 490 1. 391 1. 221 1.379 1.307 
No 1. 213 1. 229 1.398 1. 501 1 .566 1 .603 1 .668 1 . 311 1 .335 1 .522 1 .455 1.488 
K 0.277 0.292 0.301 0.302 0.325 0.306 0.299 0.287 0.306 0.323 0.287 0.316 

Atomic percentages 

No 36.8 37.7 39.8 46.6 49.1 50.0 52.3 39.2 41 .9 47.1 44.5 45.4 
Co 43.8 43.8 41.0 41.6 37.6 37.9 34.8 44.6 43.7 37.8 42.2 39.8 
Mg 19.4 18.5 19.2 11.8 13.3 12.1 12.9 16.2 14.4 15. 1 13.3 14.8 

Lith. code 631 634 634 634 634 634 634 634 634 634 634 634 
Spot no. 0 0 133 134 137 142 144 145 146 147 148 149 
Colour - - VDb-Dg VDg-b VDg-b VDg-VDb VDg-VDb VObg-b VDbg-b VOg-b VDg-b VDg-b 
Name FEd FEd F'EdHb Kat Kat Kat Kat F"EdHb FEd Kat FEdHb Kat 



Microprobe analyses- Amphibole. 

Sample no. 304718 304718 
Cryst lie posn 41. rim 41. rim 

Major elements (wt%) 

Si02 42.75 42.50 
Ti02 2.68 2.77 
Al203 6.09 6.07 
Fe203 3.89 3.58 
FeO 27.42 28.17 
MnO 0.93 0.92 
MgO 1.82 1. 79 
CoO 7.47 7.52 
Na20 4.92 4.67 
K20 1.50 1. 55 
Zr02 -1.00 -1 .00 

Total 99.48 99.54 

FeOT 30.92 31 .39 

16 cations to 23 oxygens 

Si 6.787 6.763 
AI 1.141 1. 138 
Ti 0.320 0.332 
Zr 0.0 0.0 
Fe3 0.465 0.429 
Mg 0.431 0.425 
Fe2 3.641 3.750 
Mn 0.126 0.125 
Co 1.270 1. 282 
No 1 .515 1. 443 
K 0.304 0.314 

Atomic percentages 

No 47.1 45.8 
Co 39.5 40.7 
Mg 13.4 13.5 
-
Lith. code 634 634 
Spot no. 150 151 
Colour VOg-b VOg-b 
Name Kat Kat 



Microprobe analyses -Amphibole. 

Sample no. 542.32 54232 54232 54232 54232 54232 54232 54232 54232 54232 54232 54232 
Cryst 8c posn 29.cor 29. i nt 29. rim 30.cor 30.cor 30. i nt 30. i nt 30. rim 31 .cor 31. i nt 31. rim 32.cor 

Major elements (wt%) 

Si02 50.24 49.48 49.33 46.28 46.66 45.91 46.06 49.74 45.22 45.97 45.95 45.19 
Ti02 0.45 0.47 0.40 2.47 2.68 2.55 1. 93 0.63 1 .30 1.18 1.12 2.06 
Al203 1.13 0.89 0.72 2.62 2.58 2.30 2.82 2.04 2.41 2.35 2.14 2.42 
Fe203 0.52 2.26 1.55 0.22 0.19 1.00 3.94 0.0 0.19 1.83 0.0 1. 94 
FeO 33.38 31 .58 30.95 30.54 31.84 30.26 29.46 33.36 33.29 32.02 33.88 29.37 
MnO 1. 87 2.04 2.15 0.98 0.88 0.97 1.16 1.36 1 .28 1.28 1.28 1 .27 
MgO 0.66 0.70 0.74 2.27 2. 11 2.03 1.24 0.99 0.55 0.58 0.51 1.73 
CoO 0.24 1.02 1. 01 6.50 6.47 6.40 6.09 0.80 5.07 5.09 5.18 6.08 
No20 7.31 6.93 7.07 5.29 5.25 5 . .32 5.76 6.56 5.04 5.4.3 4.95 5.34 
K20 1.60 1. 97 1 . 81 1.34 1.42 1. 41 1.47 1.50 1.. 41 1 .50 1. 46 1.44 
Zr02 0.39 0.0 0.20 0.05 0.16 0.0 0.0 0.0 0.24 0.0 0.Hl 0.23 

Total 97.80 97.34 95.94 98.58 100.24 98.15 99.96 96.98 95.98 97.23 96.58 97.07 

FeOT 33.85 33.61 32.35 30.74 32.01 31. 16 33.01 33 . .36 33.46 33.67 33.88 31 . 11 

16 cations to 23 oxygens 

Si 8.081 8.012 8.082 7.396 7.364 7.388 7.306 8.068 7.534 7.534 7.614 7.372 
AI 0.214 0.170 0.140 0.494 0.481 0.436 0.528 0.390 0.473 0.454 0.416 0.465 
Ti 0.055 0.057 0.049 0.296 0.318 0.308 0.230 0.077 0.163 0.145 0.140 0.253 
Zr 0.030 0.0 0.016 0.004 0.012 0.0 0.0 0.0 0.019 0.0 0.008 0.019 
Fe3 0.063 0.275 0.192 0.027 0.022 0. 121 0.471 0.0 0.023 0.226 0.0 0.238 
Mg 0.159 0.170 0.181 0.542 0.496 0.488 e. 293 0.239 0.136 0.143 0.125 0.420 
Fe2 4.491 4.277 4.240 4.082 4.202 4.073 3.908 4.526 4.638 4.388 4.696 4.007 
Mn 0.255 0.280 0.299 0.133 0:118 0.133 0.156 0.186 0.180 0.178 0.180 0.176 
Co 0.042 0.177 0.177 1. 113 1. 095 1. 103 1.036 0.139 0.905 0.893 0.920 1.063 
No 2.281 2.175 2.245 1.640 1.606 1. 661 1. 773 2.065 1. 629 1. 724 1 .590 1. 688 
K 0.329 0.407 0.379 0.274 0.285 0.289 0.298 0.310 0.299 0.314 0.308 0.301 

Atomic percentages 

No 91.9 86.2 86.2 49.8 50.2 51.1 57.2 84.5 61.0 62.5 60.3 53.2 
Co 1. 7 7.0 6.8 33.8 34.3 33.9 33.4 5.7 33.9 32.4 34.9 33.5 
Mg 6.4 6.7 7.0 16.4 15.5 15.0 9.4 9.8 5. 1 5.2 4.7 13.2 

Lith. code 644 644 644 644 644 644 644 644 644 644 644 644 
Spot no. 108 109 118 110 114 111 113 112 119 120 121 122 
Colour 
Nome FEk Arf Arf Kat Kat Kat Kat Arf(FEk) FRh FRh FRh Kat 



Microprobe analyses -Amphibole. 

Sample no. 54232 54232 304032 304032 304032 304032 304032 304087 304087 304087 304087 
Cryst Be posn 32. i nt 32. rim 138.cor 138. rim 140.cor 140.rim 142.cor 144.cor 145.cor 146.cor 147.cor 

Major elements (~t%) 

Si02 45.47 46.92 48.13 48.17 48.25 48.17 49.98 48.94 46.e8 45.36 46.05 
Ti02 2.32 1.18 0.93 0.78 2.24 2.38 0.25 0.64 2.50 1.86 2.65 
Al203 2.61 2.10 1. 38 1.34 1. 28 1 .63 0.27 1.16 2.88 2.91 2.68 
F"e203 2.91 0.0 5.74 4.63 0.0 2.08 8.00 7.25 3.21 3.48 1 . 41 
F"eO 28.28 32.75 26.84 27.45 30.19 28.38 27.42 28.21 30.42 30.23 30.75 
MnO 1 . 11 0.91 1. 25 1.28 0.80 0.75 1.55 1.52 1. 05 1. 32 1. .32 
MgO 1. 96 1. 23 2. 71 2.16 3.03 3.31 0.28 0.0 1.17 1. 05 1. 1B 
CoO 6.16 2.85 4.47 4.50 5.03 5.57 1.64 1.48 6.08 5.96 IS. 15 
Na20 5.60 6.16 6.53 6.62 5.92 6.17 8.18 8.12 5.72 5.40 5.69 
K20 1 .55 1.14 1. 52 1.40 1.46 1. 40 1 .83 1 .58 1.51 1.53 1.34 
Zr02 0.23 0.21 -1 .00 -1.00 -1 .00 -1 .00 -1 .00 -1 .00 -1.00 -1.00 -1 .00 

Total 98.21 95.45 99.50 98.33 98.21 99.84 99.41 98.92 100.63 99.10 99.13 

FeOT 30.89 32.75 32.01 31.62 30.19 30.25 34.62 34.74 33.31 33.36 32.02 

16 cations to 23 oxygens 

Si 7.309 7.752 7.570 7.668 7.672 7.521 7.908 7.793 7.272 7.287 7.363 
AI 0.495 0.409 0.256 0.251 0.241 0.300 0.051 0.218 0.536 0.551 0.505 
Ti 0.280 0.147 0. 110 0.093 0.268 0.280 0.030 0.077 0.297 0.224 0.319 
Zr 0.018 0.017 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 0.352 0.0 0.680 0.555 0.0 0.245 0.952 0.869 0.381 0.421 0.170 
Mg 0.469 0.302 0.635 0.513 0.717 0.770 0.067 0.0 0.276 0.252 0.262 
F"e2 3.801 4.526 3.531 3.654 4.015 3.706 3.628 3.757 4.015 4.062 4.112 
Mn 0.152 0.127 0. 166 0.172 0.108 0.099 0.208 0.205 0. 141 0.179 0.178 
Co 1.061 0.504 0.753 0.767 0.857 0.933 0.278 0.253 1 .028 1.026 1 .055 
No 1. 745 1.975 1.992 2.043 1 .825 1. 867 2.508 2.506 1. 750 1. 683 1. 765 
K 0.318 0.241 0.305 0.285 0.296 0.280 0.370 0.321 0.305 0.313 0.273 

Atomic percentages 

No 53.3 71 .0 58.9 61.5 53.7 52.3 137.9 90.8 57.3 56.8 57.3 
Co 32.4 18. 1 22.3 23.1 25.2 26.1 9.7 9.2 33.7 34.7 34.2 
Mg 14.3 10.9 18.8 15.4 21 . 1 21.6 2.3 0.0 9.0 S.5 8.5 

Lith. code 644 644 644 644 644 644 644 644 644 644 644 
Spot no. 123 125 363 364 366 367 368 370 371 372 374 
Colour gb-rb gb-rb gb-rb gb-rb Obg-Pg Dbg-Pg Db-g Ob-g Db-g 
Nome Kat Arf F"Rh F"Rh FRh FRh Arf Arf Kot Kat t<ot 



Microprobe analyses - Amphibole. 

Sample no. 258350 258350 304185 304185 304185 304185 304185 
Cryst &: posn GS GS t26.cor 126. i nt 126. rim 128.cor 129.cor 

Major elements (wt%) 

Si02 50.56 50.63 46.99 46.20 48.14 47.04 47.05 
Ti02 1.28 0.59 0.81 1 .00 0.86 0.77 0.69 
Al203 1. 79 1. 71 3.09 3.06 2.57 2.57 2.47 
Fe203 4.47 7.80 8.04 7.66 8.05 9.38 8.72 
FeO 29.94 26.83 26. 11 27.03 26.94 25.90 26.51 
MnO 1 .42 1. 19 1.14 1. 13 1.00 1.23 1 .06 
MgO 0.0 0.0 0.91 0.79 0.91 0.88 0.81 
CoO 0.80 0.87 2.69 2.54 1. 91 2.15 2.09 
No20 8.59 9.18 7.64 7.47 8.09 7.86 7.73 
K20 1. 55 1. 56 1.55 1.43 1.55 1.52 1.58 
Zr02 -1 .00 -1 .00 0.74 1.12 0.98 0.76 0.71 

Total 100.40 100.35 99.71 99.44 100.99 100.05 99.43 

FeOT 33.97 33.85 33.34 33.92 34.18 34.34 .34.36 

16 cations to 23 oxygens 

Si 7.875 7.855 7.407 7.344 7.493 7.410 7.460 
AI 0.328 0.312 0.574 0.574 0.472 0.477 0.461 
Ti 0.150 0.069 0.096 0.119 0. 101 0.091 0.082 
Zr 0.0 0.0 0.057 0.087 0.074 0.058 0.055 
Fe3 0.524 0.911 0.954 0.916 0.942 1 . 112 1 .041 
Mg 0.0 0.0 0.214 0.188 0.210 0.207 0.192 
Fe2 3.900 3.481 3.442 3.593 3.506 3.412 3.515 
Mn 0.188 0.156 0.152 0.153 0.132 0.164 0.143 
Co 0.133 0.145 0.455 0.433 0.319 0.362 0 . .355 
No 2.594 2.763 2.3.37 2 . .301 2.442 2.401 2 . .375 
K 0.308 0.308 0.312 0.290 0.308 0.306 0.320 

Atomic percentages 

No 95.1 95.0 77.7 78.7 82.2 ae.s 81 .3 
Co 4.9 5.0 15. 1 14.8 10.7 12.2 12. 1 
Mg 0.0 0.0 7.1 6.4 7. 1 7.0 6.5 

Lith. code 7.31 7.31 731 731 7.31 731 731 
Spot no. - - 331 322 333 .335 3.36 
Colour VOgbl-yg VOgbl-yg VOgbl-yg VDgbl-yg 0-VDbl 
Nome Arf Arf Arf Arf Arf Arf Arf 



Microprobe analyses -Amphibole. 

Sample no. 304074 304074 304074 304074 304074 304074 304074 
Cryst lk posn 63.cor 64.cor 64. rim 66.cor 66. rim 67.cor 67. rim 

Major elements (~t%) 

Si02 39.78 41.59 39.97 36.86 37.99 41. 15 40.18 
Ti02 0.39 0.49 0.47 0.74 0.0 0.49 0.45 
Al203 7.38 6.01 7.45 10.29 8.69 6.19 7.81 
Fe203 8.63 8.96 9.96 5.99 7.99 10.65 9.70 
FeO 26.53 26.99 25.77 27.35 27.13 24.98 24.79 
MnO 0.93 1 .00 0.99 0.77 0.82 0.95 0.95 
MgO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
CoO 7.97 6.03 7.51 10.05 9.33 5.98 6. 11 
Na20 4.13 5. 16 4.48 2.68 2.99 5.51 5.09 
K20 1 .82 1. 69 1.88 1.85 1. 96 1. 67 1. 91 
Zr02 -1 .00 -1.00 -1 .00 -1 .00 -1 .00 -1 .00 -1 .00 

Total 97.57 97.92 98.48 96.58 96.89 97.58 96.99 

FeOT 34.30 35.05 34.74 32.74 34.32 34.57 33.52 

16 cations to 23 oxygens 

St 6.552 6.802 6.518 6.149 6.336 6.735 6.599 
AI 1 .434 1. 159 1 .432 2.024 1. 709 1.194 1 .513 
Ti 0.048 0.061 0.058 0.093 0.0 0.061 0.055 
Zr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe3 1 .070 1.103 1. 222 0.752 1 .003 1. 312 1. 199 
Mg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Fe2 3.655 3.692 .3.515 .3.817 3.785 3.420 .3.406 
Mn 0. 1.30 0.139 0. 1.36 0.109 0. 116 0. 1.32 0.132 
Co 1. 408 1.058 1 . 31.3 1. 796 1 .667 1 .049 1 .075 
No 1 . .321 1 . 6.35 1.416 0.867 0.968 1. 749 1. 621 
K 0.383 0.352 0.390 0.393 0.416 0.349 0.400 

Atomic percentages 

No 48.4 60.7 51.9 .32.6 36.7 62.5 60.1 
Co 51.6 .39.3 48.1 67.4 6.3 . .3 37.5 .39.9 
Mg 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Lith. code 921 921 921 921 921 921 921 
Spot no. 207 208 209 212 21.3 214 215 
Colour D-Dbl D-Dblg D-Dblg VDgbl-g Dblg-blg D-Dblg D-Dblg 
Nome FEdHb Kat Kat Has H-Hb Kat Kat 



Microprobe analyses- Feldspar. AI I samples normalised to 100%. 

Sample no. 304159 326189 326189 326189 304009 304009 304009 304009 304003 304003 304003 304003 
Cryst Ct posn 85.cor 155.cor 159.cor 159.cor 16. cor 17.cor 18.cor 19.cor 74.cor 74.cor 74.cor 76.cor 

Major elements (~t%) 

Si02 67.23 66.23 66.68 66.56 66.14 65.57 69.26 69.58 66.45 66.72 65.08 65.49 
Al203 18.66 19.30 19.24 19.39 18.17 17.91 18.96 18.68 18.50 18.36 18.56 18.30 
FeOT 0.0 0.0 0.0 0.0 0.29 0.0 0.0 0.0 0.0 0.25 0.0 0.0 
CoO 0.0 0.67 0.53 0.57 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
No20 5.83 5.81 6.02 6.01 4.05 0.61 11.53 11.57 5.07 5.94 0.81 1 .29 
K20 8.27 7.99 7.51 7.46 11 .35 15.91 0.25 0.16 9•.98 8.25 15.55 14.92 

Total 100.00 100.00 100.00 100.00 100.00 100.00 150.00 100.00 100.00 106.00 160.06 100.00 

cations to 8 oxygens 

Si 3.015 2.976 2.987 2.981 3.009 3.022 3.021 3.033 3.605 3.013 2.998 3.009 
AI 0.987 1.023 1 .016 1 .024 0.975 0.973 0.975 0.960 0.986 0.977 1.008 0.991 
FeT 0.0 0.0 0.0 0.0 0.011 0.0 0.0 0.0 0.0 0.010 0.0 0.0 
Co 0.0 0.032 0.026 0.027 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
No 0.507 0.506 0.523 0.522 0.358 0.055 0.975 0.978 0.444 0.520 0.072 0. 115 
K 0.47.3 0.458 0.429 0.426 0.659 0.9.36 0.014 0.009 0.576 0.476 0.914 0.875 

Atomic percentages 

K 48.3 46.0 43.9 43.7 64.8 94.5 1.4 0.9 56.5 47.8 92.7 68.4 
No 51.7 50.8 53.5 53.5 35.2 5.5 98.6 99. 1 43.5 52.2 7.3 11.6 
Co 0.0 3.2 2.7 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Lith. codg 314 324 .324 .324 434 434 434 434 434 434 434 434 
Spot no. 254 385 391 392 58 59 61 62 228 229 230 234 
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Microprobe analyses - Feldspar. AI I samples normalised to 100%. 

Sample no. 326091 326091 326092 304752 304752 304752 304752 304752 304752 304718 3047113 304718 
Cryst &: posn pf40.cor 114.cor 151 .cor 44.cor 44.cor 44.cor 44.cor 44.cor 44.cor 34.cor 34.cor 34.cor 

Major elements (wt%) 

Si02 69.16 68.66 69.06 66.08 67.01 66.96 67.12 66.96 66.79 67.22 67.14 67.60 
A1203 19.05 19.24 18.96 18.66 18.36 18.54 18.64 18.75 18.52 18.67 16.86 18.65 
FeOT 0.26 0.33 0.27 0.0 0.0 0.0 0.0 0.0 0.32 0.23 0.0 0.23 
CoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.17 0.0 
No20 10.90 11 . 05 11.50 5.75 5.48 5.94 5.85 6.04 5.83 7.73 7.70 7.54 
K20 0.33 0.31 0.21 8.80 9.16 8.56 8.39 8.24 8.53 5.64 5.68 5.94 

Toto I 100.00 100.00 100.00 100.00 100.00 100.00 100.00 101/l.l!l0 100.00 100.00 100.00 100.00 

cations to 8 oxygens 

Si 3.023 3.009 3.016 2.998 3.018 3.011 3.013 3.1/l06 3.007 3.009 3.1?!02 3.013 
AI 0.982 0.994 0.976 0.998 0.975 0.983 0.986 0.993 0.983 0.985 0.994 1'!.980 
FeT 0.009 0.012 0.010 0.0 0.0 0.0 0.0 0.0 0.012 0.009 0.0 0.009 
Co 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.008 1'!.0 
No 0.924 0.939 0.974 0.506 0.478 0.518 0.509 0.526 0.509 0.671 0.667 0.651 
K 0.018 0.017 0.012 0.509 0.526 0.491 0.480 0.472 0.490 0.322 0.324 0.338 

Atomic percentages 

K 1.9 1.8 1 . 2 50.1 52.4 48.7 48.5 47.3 49.S 32.4 32.4 34.2 
No 98.1 98.2 98.8 49.9 47.6 51.3 1. 5 52.7 51.0 67.6 66.8 65.8 
Ca 0.0 0.0 0.0 0.0 0.1'! e.0 EUJ 0.0 0.0 0.0 1/l.S e.0 

Lith. code 434 434 434 514 514 514 514 514 514 634 634 634 
Spot no. 312 313 379 158 159 160 161 162 163 131 132 135 



Microprobe analyses- Feldspar. AI I samples normalised to 100%. 

Sample no. 304718 304087 304185 304185 304185 304185 304185 304185 304185 304074 304074 304074 
Cryst & posnpf5034.cor 143.cor 122.cor 122.cor 123.cor 124.cor 125.cor 128.cor 131.cor 58.cor 58. cor 62.cor 

Major elements (~t%) 

Si02 67.40 67.81 68.67 68.89 68.95 65.71 89.19 69.46 68.96 69.18 68.89 69.35 
Al203 18.99 18.69 19.22 19.03 18.85 18.15 18.86 18.96 18.93 19.29 19.30 19.13 
FeOT 0.28 0.0 0.38 0.0 0.41 0.0 0.36 0.25 0.25 0.0 0.0 0.0 
CoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.18 0.18 0.0 
No20 8.08 6.91 11. 14 11.51 11.40 3.12 11.06 11.24 11.36 11.35 11.64 1 1. 41 
K20 5.25 6.59 0.28 0. 11 0.12 12.45 0.19 0.22 0.19 0.0 0.0 0. 11 

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

cations to 8 oxygens 

Si 2.999 3.021 3.008 3.017 3.019 3.013 3.027 3.026 3.018 3.013 3.005 3.021 
AI 0.996 0.981 0.992 0.983 0.973 0.981 0.973 0.972 0.978 0.991 0.992 0.982 
FeT 0.010 0.0 0.014 0.0 0.015 0.0 0.013 0.009 0.009 0.0 0.0 0.0 
Co 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.008 0.008 0.0 
No 0.697 0.597 0.947 0.978 0.968 0.278 0.938 0.950 0.965 0.959 0.984 0.964 
K 0.298 0.374 0.016 0.006 0.007 0.728 0.011 0.012 0.011 0.0 0.0 0.006 

Atomic percentages 

K . 29.9 38.5 1. 7 0.6 0.7 72.4 1.2 1.2 1 . 1 0.0 0.0 0.6 
No 70.1 61.5 98.3 99.4 99.3 27.6 98.8 98.8 98.9 99.2 99.2 99.4 
Co 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.0 

Lith. code 634 644 731 731 731 731 731 731 731 921 921 921 
Spot no. 136 369 325 326 327 328 329 334 339 198 199 206 



Microprobe analyses- Biotite. 

Sample no. 304003 304003 326091 326091 304752 304752 304752 304752 
Cryst &: posn 78.cor 80.cor 118. cor 120.cor 53.cor 53. i nt 53. rim 55.cor 

Major elements (wt%) 

Si02 37.80 37.37 35.42 35.85 36.30 35.89 37.87 36.03 
Ti02 3.27 3.60 3.32 3.24 4.26 4.42 2.85 4.43 
Al203 10.36 10.69 10.02 10.35 11 . 36 10.98 10.09 11 . 51 
F"EOT 26.64 28.11 31.43 30.12 28.78 28.91 29.35 29.31 
MnO 0.87 0.84 1. 57 1. 51 0.98 1. 24 1. 51 1. 14 
MgO 7.84 7.04 4.46 4.12 5.28 4.83 5.13 5.48 
CoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Na20 0.53 0.63 0.37 0.39 0.74 0.60 0.43 0.93 
K20 9.01 8.74 9.07 9.10 8.54 8.73 8.96 8.62 

Total 96.31 97.04 96.35 95.19 96.24 95.62 96.20 97.45 

cations to 22 oxygens 

Si 5.949 5.874 5.817 5.900 5.786 5.787 6.060 5.697 
AI 1. 922 1.981 1. 940 2.008 2.135 2.088 1. 904 2.146. 
Ti 0.387 0.425 0.410 0.402 0.510 0.536 0.343 0.527 
F"eT 3.506 3.695 4.317 4.145 3.836 3.898 3.927 3.876 
Mg 1 .839 1. 649 1. 092 1 . 011 1.253 1. 162 1. 225 1. 291 
Mn 0.116 0. 112 0.218 0.210 0.133 0.170 0.204 0.153 
Co 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
No 0.161 e. 193 0.118 0. 126 0.228 0.188 0.134 0.285 
K 1. 809 1. 754 1 .900 1.911 1. 737 1. 796 1 .829 1. 739 

Lith. code 434 434 434 434 514 514 514 514 
Spot no. 237 243 319 321 185 186 167 189 

~ 
o=' 
;=' 

ro 

> 
~ 
0 

Q1l 



References 

Albbey, §. 1983. Studies in standard samples of silicate rocks and minerals. Geo/. Surv. 
Canada. paper 83-15. 

Allaart, JJ.H., 1973. Geological map of Greenland 1:100,000, Narssarssuaq, 60 v. 2 Syd. 
Copenhagen. Geol. Surv. Greenland (also Meddr Gr~nland 192,4) 41pp. 

AHart, JJ.JHI. 1976. Ketilidian mobile belt in South Greenland. In: A. Escher and W.S. Watt 
(eds), Geology of Greenland. The Geological Survey of Greenland, Copenhagen. 

Anderson, E.M. 1951. The Dynamics of faulting and dyke formation with applications to 
Britain. Edingburgh, Oliver and Boyd, 2nd edition. 206 pp. 

Anderson, §.L., & Burke, K., 1983. A Wilson Cycle approach to some Proterozoic problems 
in eastern North America. In L.G. Medaris, C.W, Byers, D.M. Mickelson & W.C. Shanks (Eds), 
Proterozoic Geology: Selected Papers from an International Proterozoic Symposium. Geol Soc. 
Am. Mem. 161, 75-93. 

Armour-Brown, A., Tukiainen, T., & Wallin, B., 1980. The South Greenland Uranium 
Exploration Project. Rapp. Grpnlands geol. Unders. 100, 83-86. 

Armour-Brown, A., Tukiainen, ']['. & Wallin, B., 1981. Uranium districts in South 
Greenland. Rapp. Grvnlands geol. Unders. 105, 51-55. 

Armour-Brown, A., Tukiainen, ']['. & Wallin, B., 1982. The South Greenland Uranium 
Exploration Programme Final Report. Unpubl. intern. GGU rep., 92 pp. 

Armour-Brown, A., Tukiainen, T., Wallin, B., Bradshaw, C., & Emeleus, C.H., 1983. 
Uranium exploration in South Greenland. Rapp. Grvnlands. Geol. Unders. 115, 68-75. 

Badgley, C.P., 1965. Structural and Tectonic Principles, New York and London, Harper & 
Row Ltd. 

Bailey, lD.K., 1964. Crustal warping -a possible tectonic control of alkaline magmatism. J. 
Geophys. Res. 69. 

Bailey, D.K., 1970. Volatile flux, heat focussing and the generation of magma. Geol. Jour. 
Spec. Issue, 2, 177-186. 

Bailey, lD.K., 1972. Uplift, rifting and magmatism in continental plates. J. Earth Sci., 8, 
225-240. 

Bailey, D.K., 197-:&a. Continental rifting and alkaline magmatism, In; S~rensen, H., ed., The 
alkaline rocks. London, Wiley, 148-159. 

Bailey, D.K., 1974b. Origin of alkaline magmas as a result of anatexis, b) crustal anatexis, 
In; S~rensen, H., ed., The alkaline rocks. London, Wiley, 436-442. 

Bailey, D.K., 1977. Lithosphere control of continental rift magmatism. J. Geo/. Soc. London, 
133, 103-106. 

Bailey, D.K. 1980. Volcanism, earth degassing and replenished lithosphere mantle. Phil. 
Trans. Royal Society London A297, 309-322. 

Bailey, D.K. 1982. Mantle metasomatism - continuing chemical change within the earth. 
Nature, 296, 525-530. 

174 

I· ., 

\ .. 



Bailey, D.K., & McDonald, R., 1975. Fluorine & Chlorine in peralkaline liquids and the 
need for magma generation in a open system. Min. Mag. 40, 405-414. 

Bailey, Jf.C., Rose-Hansel!ll, Jf., lLovborg, JL. & S~rensen, IHI., 19tH. Evolution of Th 
and U whole-rock contents in the Ilimaussaq intrusion. In: The Ilimaussaq Intrusion, South 
Greenland. A Progress Report on Geology, Mineralogy, Geochemistry and Economic Geology. 
(J .C. Bailey, L.M. Larsen & H. S~renson, eds.). Rapp. Gnmlands Geo/. Unders. 113, 87-98. 

Bailey, D.K. & Schairer, Jf.F., 19641. Feldspar- liquid equilibration in peralkaline liquids
The Orthoclase Effect. Amer. J. of Science. 62, 1198- 1206. 

Bailey, D.K. & Schairer, J.F., 1966. System Na20-Ah03-Fe20a-Si02 and petrogenesis of 
alkaline rocks. J. Petrol. 7, 114-70. 

Bailey, Jf. & S~renson, I. 1976. Trace element techniques in the Institute for Petrology, 
University of Copenhagen: With an appendix on major element X-ray fluorscence techniques in 
the greenland Geological Survey, Copenhagen. Unpubl. Report. University of Copenhagen . 

.Baker, B.H., Goles, G.G., Leeman, W.P. & Lindstrom, M.M., 1977. Geochemistry 
and petrogenesis of a Basalt-Benmoreite-Trachyte suite from the southern part of the Gregory 
Rift, Kenya. Contrib. Mineral. Petrol. 64, 303-332. 

1Balasll10v, Y.A. 1966. Differentaition of rare-earth elements during magmatic process. In: 
Chemistry of the earth ::rust. Vinogradov, A.P. (Ed). Vol I. Acad Sci. of USSR: Israel prog. for 
Sci. pubs. Jerusalem. 

Balk, R., 1937. StructuralBehaviourofigneous Rocks. 177. 

Baragrur, W .R.A., 1977. Volcanism of the Stable Crust. In: Volcanic Regimes in Canada. 
Geol. Ass. Canada. Spec. Paper no. 16, 377-405 

Benkhelil, Jf. & Robineau, B. 1986. Le Fosse de Ia Benue est-il un rift? Bulletin des 
Centres des Recherches Exploration-production. Elf-Aquitaine, 7, 315-321. 

Bennett, J.N., Turner, D.C., Ike, E. C. & Bowden, JP. 1984. The geology of some northern 
Nigerian anorogenic ring complexes. B. G.S.-Overseas Geology and Mineral Resources. London 
HMSO. 

Berthelsen, A., & Heinriksen, N., 1975. Geological Map of Greenland. 1:100,000, Ivigtut 
61 v. 1 Syd. The Orogenic and Cratogenic Geology of a Precambrian Shield Area. Descriptive 
text, 169 pp., Geological Survey of Greenland, Copenhagen. 

lBlaxland, A.B., van Breemen, 0., Emeleus, C.H. & Anderson, J .G., 1978. Age and 
origin of the major syenite centers in the Gardar province of South Greenland: Rb-Sr studies. 
Geol. Soc. Am. Bull., 89, 231-244. 

Blaxlandl, A.B., van Breemen, 0., & Steenfeldt, A., 1976. Age and origin of agpaitic 
magmatism at Ilimaussaq, South Greenland: Rb- Sr study. Lithos. 9, 31-38. 

Blundell, D.J. 1978. A gravity survey across the Gardar Igneous Province, S.W. Greenland. 
Quart. J. Geol. Soc. Land. 135, 545-554. 

lBohse, H., Brooks, C.K. & Kunzendorf, K. 1971. Field observations on the kakortokites 
of the Ilimaussaq intrusion, South Grrenland. Rapp. Grpn/ands geol. Unders. 38, 43pp. 

lBott, M.H.lP'. 1981. Crustal doming and the mechanism of continental rifting. In: Illies, J .H. 
(Ed) Mechanism in graben formation. Tectonophysics 73, 1-8 . 

.Bowen, N .L., 1945. Phase equilibria bearing on the origin and differentiation of alkaline rocks. 
Am. J. Sci., 243A. 

175 



Bradshaw, C., 1985. The alkaline rocks of the Motzfeldt Centre; progress report on the 1984 
field season. Rapp. Gr¢nlands geol. Unders., 125, 62-64. 

Bradshaw, C., & 'JL'ukiainen, T., 1983. Geological and radiometric mapping of the Motzfeldt 
Centre of the Igaliko Complex, South Greenland. Unpubl. intern. GGU rep., 35 pp. 

BridlgwateJI.", D., 1967. Feldspathic inclusions in the Gardar Igneous Rocks of South Greenland 
and their relevance to the formation of Major Anorthosites in the Canadian Shield. Can. J. Earth 
Sci., 4, 995-1014. 

Bridgwater, D. & Harry, W.T. 1968. Anorthosite xenoliths and plagioclase megacrysts in 
Precambrian intrusions in South Greenland. Bull. Gron/ands geol. Unders. 77 (also Meddr. 
Gr0nland, 186, 2)2 

Bridgwater, D. & Gormsen, K. 1969. Geological reconnaissance of the Precambrian rocks 
of South-East Greenland. Rapp. Grpn/ands geol. Unders. 19, 43-50 

Bridgwatell", D. & Coe, K., 1970. The role of stoping in the emplacement of the giant dykes 
of Isortoq, South Greenland. Geol. J. spec. Issue, 2, 67-78. 

Bridgwatell", D., Keto, L., McGregor, V.R. & Myers, JJ.§. 1976. Archean gneiss complex 
of Greenland. In: A. Escher & W.S. Watt (eds). Geology of Greenland. The Greenland geological 
Survey, Copenhagen. 

Brown, W.L., Becker, S.M. & lP'arsons, X., 1983. Cryptoperthites and cooling rate in a 
layered syenite pluton. Contrib. Mineral. Petrol., 82, 13-25. 

Brown, G.C., Hughes, D.JJ. and Esson, JJ. 1973. New XRF data retrieval techniques and 
their application to l! .S.G.S. standard rocks. 

Buddington, A.F ., 1959. Granite emplacement with special reference to North America, Bull. 
Geol. Soc., Am., 70, 671-747. 

Burke, K. 1978. Evolution of continental rift systems in the light of plate tectonics. In: I.B. 
Ramberg & E.R. Neuman. Tectonics and geophysics of continental rifts. 1-9. 

Burke, K., 1980. Intracontinental rifts and aulacogens. In: Continental Tectonics. National 
Acad. Sci., 42-49. 

Burke, K. & lDewey, J.D. 1973. Plume generated triple junctions, key indicators in applying 
plate tectonics to old rocks. J. Geol. 81, 406-433. 

Burke, K., Dewey, J.F. & Kidd, W.S.F., 1977. World distribution of sutures- The sites of 
former oceans. Tectonophysics 40, 69-99. 

Burnham, C.W. 1979. Magmas and Hydrothermal deposits. In: H.L. Barnes (ed), Geochem
istry of hydrothermal ore deposits, John Wiley & ~ons, Inc. New York. 

Bussell, M.A., Pitcher, W.§. and Wilson, P.A., 1976. Ring Complexes of the Peruvian 
Coastal batholith, a long standing Subvolcanic regime. Can. J. Earth Sci., 13, 1020-1030. 

Butler, J.R. and Smith, A.Z. 1962. Zirconium, niobium and certain other trace elements in 
some alkali igneous rocks. Geochim. Cosmochim. Acta, 26: 945-953. 

Chambers, A.D., 1976. The Petrology and Geochemistry of North Qoroq Centre, lgaliko 
Complex, South Greenland. Unpubl. Ph.D. thesis, University of Durham. 

Chapman, C.A., 1966. Paucity of mafic ring-dykes - Evidence for floored polymagmatic 
chambers. Amer. Jour. Sci., 264, 66-77. 

176 



Chapman, C.A., 1967. Magmatic central complexes and tectonic evolution of certain orogenic 
belts. In; Etages Tectoniques. 

Chase, C.G., & GiHmar, 'f.JHI., 19'73. Precambrian plate tectonics: The midcontinental 
gravity high. Earth Planet. Sci. Lett. 21, 70-78. 

Chase, JJ.W., Winchester, JJ.W. and! CoryeU, C.D. 1962. Lanthanum, europium and 
dysoprosium distributions in igneous rocks and minerals. Trans. Amer. Geophys. Union., 68, 
567. 

Christie-JBliclt, N. & lBiddle, K. '!' ., 19§5. Deformation and basin formation along strike slip 
faults. In: Biddle, K.T. & Christie-Blick, N. (Eds) Strike slip deformation, Basin Formation, and 
sedimentation. 1-34. Society of Economic Palaeontologists and Mineralogists. Spec. Publication. 
No. 37, Tulsa, USA. 

Cloos, E., 1955. Experimental analysis of fracture patterns. Bull. Geol. Soc. Am., 66, 
241-256. 

Cobbing, E.JJ., Pitcher, W.S., Wilson, JJ.J., Baldock, J.W., Taylor, W.P., McCourt, 
W. & Snelling, N.J., 1981. The geology of the Western Cordillera of northern Peru. /. G.S.
Overseas Memoir 5. London HMSO. 

Collerson, K.D., 1982. Geochemistry and Rb-Sr geochronology of associated Proterozoic 
Per alkaline and Subalkaline Anorogenic Granites from Labrador. Contrib. Mineral. Petrol., 81, 
126-147. 

Collins, W.J., Beams, S.D., White, A.J.R. & Chappell, B.W. 19§2. Nature & origin 
of A-type granites with particular reference to southeastern Australia. Contr. Mineral. Pet. 80, 
189-200. 

Coombs, D.S., 1963. Trends and affinities of basaltic magmas and pyroxenes as illustrated on 
the diopside-olivine-silica diagram. Min. Soc. Am. Spec. Pap. 1, 227-250. 

Coombs, D.S. & Wilkinson, J.F.G., 1969. Lineages and fractionation trends in undersat
urated volcanic rocks from the East Otago province (N. Zealand) and related rocks. J. Petrol. 
10, 440-500. 

Cox, K.G., Bell, J.D., & Pankhurst, R.J., 1979. The Interpretation of Igneous Rocks. 
Allen & Unwin publ. London. 

Dewey, J.F., & Burke, K., 19'74. Hot spots and continental break up. Geology 2, 57-60. 

Dietrich, R.V., 1968. Behaviour of Zr in artificial magmas with diverse P.T. Lithos, 1, 20-29. 

Doig, R., 1970. An Alkaline Province rock linking Europe & N. America. Can. J. Earth Sci., 
7, 22-28. 

Donaldson, J.A. & Irving, E., 1972. Grenv1lle front and rifting of the Canadian Shield. 
Nature Phys. Sci., 237. 

Drummond, S.E. & Ohmoto, H. 1985. Chemical evolution and mineral deposition in boiling 
hydrothermal systems. Economic Geology. 80, 126-147. 

Drysdall, A.R., Jackson. N,J., Ramsay, C.R., Douch, C.J. & Hackett, D. 1984. Rare 
element mineralisation related to Precambrian alkali granites in the Arabian Shield. Economic 
Geology. 79, 1366- 1377. 

Duncomb, JP. and Jones, E.M. 1969. Tube investments Company Report. No. 260. 

177 



Duncomb, P. and! Jllecd, S.J .B. 1968. Quantitative Electron Probe Microanalysis. N.B.S. 

Spec. Pub. 298, 133-154. 

Ebdloltl9 D. 1985. Statistics in Geography, 2nd edition. Basil Blackwell Ltd, Oxford. 

EmeReus, C.H., 11.964. The Gr!llnnedal-Ika Alkaline Complex, South Greenland. The struc
ture and Geological History of the Complex Bull. Gronlands geol. Unders., 45, (also Meddr. 
Gr!llnland, 172, 3) 75pp. 

Emeleus, C.H. & Harry, W. T., :11.970. The Igaliko nepheline syenite complex. General 
description. Bull. Grpnlands geol. Unders., 85 (also Meddr. Gr!llnland, 186, 3) 116 pp. 

Emeleus, C.H. & Upton, B.G.J., 1976. The Gardar period in Southern Greenland. In; 
A. Escher & W.S. Watt, (eds), The Geology of Greenland. 153-181. The Geological Survey of 
greenland, Copenhagen. 

Emslie, R.F ., 1978. Anorthosite Massifs, Rapakivi Granites, and Late Proterozoic Rifting of 
North America. Precambrian Res., 7, 61-98. 

Ewart;, A. 198:11.. The meineralogy and chemistry of the anorogenic Tertiary silic volcanics of 
SE queensland and NE New South Wales, Australia. J. Geophysics Res., 86, 10242-10256. 

Ferguson, J. 1964. Geology of the Ilimaussaq alkaline intrusion, South greenland. Bull. 
GrJ1nlands geo/. Unders. 89, 193pp. (also Meddr om Grpnland. 172) 

Ferguson, J., 1969. The differentiation of Agpaitic Magmas: The Ilimaussaq intrusion, S. 
Greenland. Canadian Mineralogist 10, Part 3, 335-349. 

Fittoltl, J.G. & Gill, R.C.O. 1970. The oxidation of ferrous iron in rocks during mechanical 
grinding. Geochim. Cosmochim. Acta, 34. 518-524. 

Fitton, J.G. & James, D. X-ray fluorescence spectroscopy at the University of Edinburgh. 
Unpubl. XRF guide. University of Edinburgh. 

Fletcher, C.J.N. & Litherland, M., 1981. The geology and tectonic setting of the Velasco 
Alkaline province, eastern Bolivia. J. Geol. Soc. London. 138, 541-548. 

Gahehnan, J.W., 1984. Magmatic Rocks vs Rest Fluids as sources of Uranium Ore Fluids. 
In: Syngenesis and Epigenesis in the formation of Mineral Deposits. Eds: Wauschkuhn, A., 
Kluth, C. and Zimmerman, R.A .. Part IV, 519-536. Springer-Verlag. Berlin. 

Galakhov, A.V., 1967. Chemical composition of rocks in the Khibiny alkalic massif. Dok/. 
Acad. Sci. (English translation), 171, 225-8. 

Gast, .P.W. 1968. Trace element fractionation and the origin of tholeiitic and alkaline magma 
types. Geochem. Cosmochim. Acta 32, 1057-1086. 

Gerasimovsky, V.I. 1966. Geochemical features of agpaitic nepheline syenites. In: Chemistry 
of the earths crust. Vol I. A.P.Vinogradov, (Ed). Acad Sci. of USSR: Israel prog. for Sci. pubs. 
Jerusalem. 

Gerasimovsky, V.I., 1969. Geochemistry of the Ilimaussaq Alkaline massif. (In Russian). 
Izd. 'Nauka', Moskva, 1-74. 

Gerasimovsky, V.I., 1974. Trace elements in selected groups of alkaline rocks. In: H. S!llrenson 
(ed), The Alkaline Rocks, 402-412. New York. Wiley. Izd. 'Nauka', Moskva, 1-74. 

Gill, R.C.O., 1973. Mechanism for the salic magma bias or'continental alkaline provinces. 
Nature Phys. Sci., 242, 41-42. 

178 



Gordon, M.B., & Hempton, M.R., 1986. Collision induced rifting: The Grenville orogeny 
and the Keweenawan rift of North America. Tectonophysics, 127, 1-25. 

Green, J.C., 1983. Geologic and geochemical evidence for the nature and development of 
the middle proterozoic (Keweenawan) midcontinent rift of North America. Tectonophysics, 94, 
413-437. 

Halls, H. C., 1978. Late Precambrian central North American rift system -a survey of recent 
geological and geophysical investigations. In: I.B. Ramberg, and E.R. Newman, (Eds). Tectonics 
and geophysics of continental rifts. 111-123. 

Hamilton, E.I., 1964. The geochemistry of the northern part of the Ilimaussaq intrusion, S.W. 
Greenland. Bull. Gr;~nlands geol. Unders., 42, 104pp. (also Meddr. Gr¢nland, Bd. 162, No. 
10). 

Harding, T.JP., Vierbuchen, R.C. & Cluistie-Blick, N., 1985. Structural styles, plate 
tectonic setting and hydrocarbon traps of divergent (transtensional) wrench faults. In: Biddle, 
K.T. & Christie-Blick, N., (Eds) Strike slip deformation, basin formation, and sedimentation. 
Society of Economic Palaeontologists and Mineralogists. Spec. publication No.37, Thlsa, USA. 

Harris, JP.G., 1969. Basalt type and African rift valley tectonism. Tectonophysics, 8, 427-436. 

Harry, W.'F. & l?ulvertaft, C.T.R., 1963. The Nunarssuit intrusive complex, South Green
land. Bull. Gr11nlands geol. Unders., 36, (also Meddr. Gr¢nland 169, 1) 136 pp. 

Harry, W.T. & Richey, J.E., 1963. Magmatic pulses in the emplacement of plutons. Lpool 
Manchr. geol. J., 3, 254-268. 

Heinrich, K.F.J. 1966. X-ray absorption uncertainty. In: T.D. McKingley, K.F.J. Heinrich 
and D.B. Wittry (Editors), The Electron Microprobe. Wiley, New York, N.Y., pp. 296-377. 

Helgeson, H.C. 1964. Complexing and hydrothermal Ore deposition. International Series of 
Monographs on Earth Sciences. Pergamon Press. 1964. pp128. 

Henderson, P. 1980. General geochemical properties and abundances of the rare earth ele
ments. In: Rare earth element geochemistry Ed: P. Henderson. Elsevier. Netherlannds. 

Henriksen, N. 1960. Structural analysis of a fault in South-West Greenland. Bull. Gr11nlands 
Geol. Unders. 26. (also Meddr. Gr¢nland, 162). 

Hess, P.C., 1980. Polymerization Model for Silicate Melts. In: Physics of Magmatic Processes. 
Hargreaves, R.B., (Ed) Princeton University Press, N.J. USA. 

Hills, E.S., 1963. Ell'ments of Structural Geology, 2nd ed., London, Chapman and Hall Ltd. 

Holland, J.G. and Brindle, D.W. 1966. A self consistant mass absorption correction for 
silicate analysis by x-ray fluorescence. Spectrochim Acta, 22. 2083-2093. 

Holmes, A., 1931. The problem of the association of acid and basic rock in central complexes. 
Geol. Mag., 68, 241-245. 

Hawthorne, F.C. 1981. Crystal Chemistry of the Amphiboles. In: Veblen, D.R. (ed). Review 
in Mineralogy, Amphiboles and other hydrous pyriboles - mineralogy. Vol. 9a. 1-95. Min. Soc. 
Am. Bookcrafters Inc. Michigan. 

Dies, J.H. (Ed). 1981. Mechanism for graben formation. Tectonophysics 73, 249-266. 

Irvine, T.N., lBaragar, W.R.A., 1971. A guide to the chemical classification of the common 
volcanic rocks. Can. J. Earth Sci. 8, 523-548. 

179 



Jacobsen, R.R.E., MacLeod, W.N. and Black, R., 1958. Ring complexes in the younger Granite 
Province of Northern Nigeria. Geol. Soc. London, Mem. no. 1, 77 pp. 

Jahns & lBurnham, 196S. Experimental studies of pegmatite genesis: I. A model for the 
derivation and crystallisation of granitic pegmatites. Econ. Geol., 64, 843-863. 

Jones, A.JP., 1980. The petrology and structure of the Motzfeldt Centre, lgaliko, South Green
land. Unpubl. Ph.D. thesis. Univ. of Durham. 

Jones, A.P & Larsen, JL.M. 1985. Geochemistry and REE minerals of nepheline syenites 
from the Motzfeldt Centre, South Greenland. Am. Mineral. 70, 1087-1100. 

Keller, G.R., Lidiak, E.G., Hinze, W.J. & Braile, L.W., 1983. The role of rifting in the 
tectonic development of the Midcontinent, USA. Tectonophysics 94, 391-412. 

Knox, G.J., 1974. The structure and emplacement of the Rio Fortaleza Central Acid Complex, 
Ancash, Peru. J. Geol. Soc. London. 130, 295-308. 

Koga1·ko, L.N., 1974. Role of volatiles. In S~rensen, H. (ed.) 1974, The Alkaline Rocks. John 
Wiley & Sons Ltd., 474-487. 

Kogarko, L.N. 1979. Microcomponents as indicators of the differentiation of Alkaline Mag
matic Series. In: Origin and Distribution of the elements. Arhens, L.H. (Ed), 212-222. Pergamon 
Press, Oxford. 

Konnerup-Madsen, J ., 1984. Compositions of fluid inclusions in granites and quartz syenites 
from the Gardar continental rift province ( South Greenland). Bull. Mineral., 107, 327-340. 

Konnerup-Madsen, J., Rose-Hansen, J. & Larsen, E., 1981. Hydrocarbon gases asso
ciated with alkaline igneous activity: evidence from compositions of fluid inclusions. In: the 
Ilimaussaq Intrusion, South Greenland. A Progress on Geology, Mineralogy, Geochemistry and 
Economic Geology. (J.C. Bailey, L.M. Larsen & H. S~renson, eds.) Rapp. Gr11nlands Geol. 
Unders. 103, 99-108. 

Kumorapeli, JP.S. & Saull, V.A., 1966. The St Lawrence valley system: a North American 
equivalent of the East African Rift Valley system, Can. J. Earth Sci. 3, 639-658. Kuno, H. 
1967. Igneous rock series. In: Chemistry of the earths crust. Vol II. A.P. Vinogradov (Ed). 
Acad Sci. of USSR: Israel prog. for Sci. pubs. Jerusalem. 

Larsen, J .G., 1973. Petrochemical work on the Precambrian Lavas, Eriksfjord Formation, 
South Greenland. Rapp. Grpn/ands Geo/. Unders. 55, 40-41. 

Larsen, J .G., 1977. Petrology of the late lavas of the Eriksfjord Formation, Gar dar Province, 
South Greenland. Bull. Grt~nlands. Geol. Unders., 125, 31 pp. 

Larsen, JL.M. 1976. Clinopyroxenes and coexisting mafic minerals from the Alkaline Ilimaussaq 
Intrusion, South Greenland. J. of Petrology. Vol. -17, no. 2. 258-290. 

Larsen, L.M., 1977. Aenigmatites from the Ilimaussaq intrusion, south Greenland. Chemistry 
and petrological implications. Lithos, 10, 257-70. 

Larsen, L.M. 1979. Distribution of REE and other traces between phenocrysts and peralkaline 
undersated magmas. Lithos 12, 303-315. 

Larsen, L.M. & §fijrensen, H., 1985. The Ilimaussaq intrusion - progressive crystallisation 
and formation of layering in an agpaitic magma. Geol. Soc. Lond. Spec. Pub/. 

Larsen, L.M. & Steenfelt, A., 1974. Alkali loss and retention in an iron-rich peralkaline 
phonolite dyke from the Gardar province, South Greenland. Lithos, 7, 81-90. 

180 



Larsen, JL.M. & Tukiainen, T., 1985. New observations on the easternmost extension of 
the Gardar supracrustals (Eriksfjord Formation), South Greenland. Rapp. Grtilnlands. geol. 
Unders., 125, 64-66. 

Laznicka, IP., 1985. Empirical Metallogeny: Depositional Environments, Lithologic Associa
tions and Metallic Ores. Vol 1: Phanerozoic Environments, Associations and Deposits, Part B. 
Developments in economic geology, 19, Elsevier, Amsterdam. 

Leake, JB.E. Nomenclature of amphiboles. Amer. Mineral., 63, 1023-1052. 

LeBas, MI.J., lLeMaitre, R.W., Streckeisen, .A. and! Zanetin, B. 1986. A chemical 
classification of the volcanic rocks based on the total Alkali- Silica diagram. J. of Petrology. Vol 
27, No.3, 745-750. 

Le Maitre, R.W., 1976a. The chemical variability of some common igneous rocks. J. Petrol. 
17, 589-637. 

Le Maitre, R. W., 1976b. Some problems of the projection of chemical data in mineralogical 
classifications. Contrib. Mineral. Petrol., 56, 181-189. 

Lloyd, F.E. & Bailey, D.K. 1975. Light element metasomatism of the continental mantle 
the evidence and the consequences. Phys. Chem. Earth, 9, 389-416. 

MacDonald!, R. 1968. Composition amd origin of Hawaiian lavas. Geol. Soc. Amer. Min., 
116, 477-522. 

MacDonald, R. 1974. Tectonic settings and magma associations. Bull. Volcano/. 38, 575-593. 

MacDonald, R. & Edge, R.A. 1970. Trace element distribution in alkali from the Tugtut!llq 
region, South Greenland.Bull. Geol. Soc. Denmark, 20, 64-66. 

MacDonald, R., Upton, B.G.J. & Thomas, J.E., 1973. Potassium- and fluorine-rich 
hydrous phase coexisting with peralkaline granite in South Greenland. Earth Planet. Sci. Lett., 
18, 217-222. 

McMillan, W.J., & !Panteleyev, .A. 1980. Ore deposit models- 1, Porphyry copper deposits, 
Geoscience, Canada, 7(2), 52-63. 

Marsh, J .§., 1973. Relationships between transform directions and alkaline igneous rock 
lineaments in Africa arid South America. Earth. Planet. Sci. Lett. 18, 317-323. 

Marsh, J .S. 1987. Evolution of a strongly differentiated suite of phonolites from the Khinghardt 
mountains, Namibia. Lithos. 20, No.l,41-58. 

Maurin, J .E., Benkhelil, J. & Robineau, D. 1986. Fault rocks of the Kaltongo Lineament, 
NE Nigeria and their relationship with Benue Trough tectonics. J. Geol. Soc. London, 143, 
587-599. 

McKenzie, D. 1978. Some remarks on the development of sedimentary basins. Earth and 
Planetary Sci. Letters, 40, 25-32. 

McKenzie, D. 1985. The extraction of magma from the crust and mantle. Earth and Planetary 
Science letters, 74, 81-91. 

Moller, P. & Muecke, G.K. 1984. Significance of Eu anomalies in silicate melts and crystal
melt equilibria: a re-evaluation. Contrib. Mineral. Petrol. 87, 242-250. 

Morgan, JP. 1983. Constraints on rift thermal processes from heat-flow and uplift. Tecton
pophysics. 277-298. 

181 

-



Morris, R.V. & Haski1m1, JL.A., 1974. EPR measurement of the effect of glass composition 
on the oxidation state of europium. Geochim. Cosmochim. Acta, 38, 1447-1459. 

Morse, §.A., 1982. A partisan review of Proterozoic anorthosites. Am. Mineral., 61, 1087-
1100. 

Myers, J .§., 1975. Cauldron subsidence and fluidisation: mechanisms of intrusion of the 
Coastal Batholith of Peru into its own volcanic ejecta. Bull. Geol. Soc. Am. 86, 1209-20. 

Nakurama, N. 1974l. Determination of REE, BA, Fe, Na and Kin carbonaceous chondrites. 
Geochim. Cosmochim. Acta, 38, 757-775. 

Nathan, H.D. & Van Kirk, C.K. 1978. A model for magmatic crystallisation. J. of Petrol~ 
ogy. 19, 66-94. 

Neumann, H. 1948 On hydrothermal differentiation. Economic Geology. 43, 77-83. 

Neumann, E-R. 1980. Petrogenesis of the Oslo region larvikites and associated rocks. Journal 
of Petrology, 21, 499-5Jl. 

Norrish, K. and Chappell, JB.W. 1967. X-ray fluorescence spetography. In: J. Zussman 
(Editor), Physical Methods in Determinative Mineralogy. Academic Press, London, pp. 161-214. 

N onish, K. and Hutton, Jf. ']['. 1969. An accurate x-ray spectrographic method for the analysis 
of a wide range of geological samples. Geochim. Cosmochim. Acta, 33. 431-453. 

Parsons, ][., 197ft Feldspars and fluids in cooling plutons. Mineral. Mag. 42, 1-18. 

Parsons, I., 1979. The Klokken Gabbro-Syenite Complex, South Greenland: Cryptic Variation 
and Origin of Inversely Graded Layering. J. Petrol., 20, 653-694. 

Parsons, I., 1980. Alkali-feldspar and Fe-Ti oxide exsolution textures as indicators of the 
distribution and subsolidus effects of magmatic water in the Klokken layered syenite intrusion, 
S. Greenland. Trans. R. Soc. Edin., 71, 1-12. 

lParsons, I., 1981. The Klokken gabbro-syenite complex, South Greenland: quantitative inter
pretation of mineral chemistry. J. Petrol., 22, 233-260. 

lParsons, ][, & Becker, §. M. 1986. High-temperature fluid-rock interactions in a layered 
syenite pluton. Nature. 321, 764-766. 

Parsons, I. & Becker, §. M. 1987. Layering, compaction and post-magmatic processe in the 
Klokken Intrusion. In: I. Parsons (ed), Origins of Igneous Layering, 29-92. D. Reidel Publishimg 
Company. 

Parsons, I. & Butterfield, A.W., 1981. Sedimentary features of the Nunarssuit and Klokken 
syenites, South Greenland. J. geol. Soc. London, 138, 289-306. 

Pearce, N.J.G. 1988. The Petrology and Geci'chemistry of the Igaliko Dyke swarm, South 
Greenland. Unpubl. Ph.D thesis. University of Durham. 

lPearce, N.J.G., & Emeleus, C.H., 1985. Geological investigations of the lgaliko dyke 
swarm, South Greenland. Rapp. Grvnlands geol. Unders. 125, 60-61. 

lPetersilie, I.A. & S~rensen, H., 1970. Hydrocarbon gases and bituminous substances in 
rocks from the Ilimaussaq alkaline intrusions, South Greenland. Lithos, 3, 59-76. 

Philpotts, J.A. 1970. Redox estimation from a calculation of Eu2+ and Eu3 + concentrations 
in natural phases. Earth Planet. Sci. Lett., 9, 256-268. 

Piper, Jf .D.A., 1982. The Precambrian palaeomagnetic record: the case for the Proterozoic 
supercontinent. Earth planet. Sci. Lett., 59, 61-89. 

182 



Pitcher, W.§., 1977. The anatomy of a batholith. J. Geol. Soc. 135, 157-182. 

lPoulsexn, V., ].9641. The sandstones of the Precambrian Eriksfjord Formation in South Green
land. Rapp. Gr¢nlands geol. Unders., 2, 16pp. 

lPowelll, M., 1976. Theoretical, geochemical and petrological study of the lgdlerfigssalik 
nepheline syenite intrusion, Greenland. Unpubl. Ph.D thesis. University of Leeds. 

lPowelll, M., 1978. The crystallisation history of the Igdlerfigssalik nepheline syenite intrusion, 
S. Greenland. Lithos 11, 99-120. 

Reed, S.J .B. 1965. Brit. J. Appl. Phys. 16, 913. 

Rhodes, JR.C., ].971. Structural geometry of subvolcanic ring complexes as related to pre
Cenozoic motions of continental plate. Tectonophysics, 12, 111-117. 

Robinson, P., Spear, F.§., Schumacher, J.C., Laird, J., Klein, C., Evans, JB.W. 
and Doolan, lB.L. 1982. Phase relations of metamorphic amphiboles: Natural Occurence and 
Theory. In: Veblen, D.R. & Ribbe, P.H. (Editors). 

Rock, N.M.§., & Leake. B.E. 1984. The International Mineralogical Association amphibole 
nomenclature scheme: computerisation and its consequences. Mineral Mag., 48, 211-217. 

Ronenson, JB.M., 1966. The origin of miaskites and the associated rare-metal mineralisations. 
(In Russian). Geologiya mestorozhdeniy redkikh elementor, 28, 1-174. Izd. 'Nedra', Moskva. 

Sawkins, F.J., 1976. Widespread continental rifting: some considerations of timing and mech
anism. Geology, 4, 427-430. 

Sengor, A. M. C., Burke, K. & Dewey, J.JF. 1978. Rifts in high angles to orogensic belts: 
Tests for their origin and upper Rhine graben as an example. Amer. J. Science, 278, 24-40. 

Siedner, G. 1965. Geochemical features of a strongly fractionated alkali igneous suite. Geochim 
et Cosmochim. Acta. 29, 113-137. 

Sood, M.K. & Edgar, A.D., 1970. Melting relations of undersaturated alkaline rocks from 
the Ilimaussaq intrusion and Gr(llnnedal-Ika complex South Greenland, under water vapour and 
controlled partial oxygen pressure Meddr. Grpn/and. 181. 12, 1-41. 

§f<}rensen, H. 1969. On the magmatic evolution of the Alkaline Igneous Province of South 
Greenland. In: Problems of Geochemistry. Khitarov, N.l. (Ed). Acad Sci. of USSR: Israel prog. 
for Sci. pubs. Jerusalem. 

Sf,lrensen, H., 1970. Internal structures and geological setting of the 3 agpaitic intrusions 
Khbiha and Lovozero of the Kola peninsula and Ilirnaussaq, S. Greenland. Canadian Mineralo
gist, 10, Part 3, 299-334. 

Sf<}rensen, H. & Lar·sen, L.M., 1978. Aspects of the crystallization of volatile-rich peral
kaline undersaturated magmas - exemplified by the Ilimaussaq intrusion, South Greenland. J. 
Minemlogie Recife (vol. Djalma Guimaraes) 7, 135-142. 

Sf,lrensen, H. & Larsen, L.M., 1987. Layering in the Ilimaussaq alkaline intrusion, South 
Greenland. In: I. Parsons (ed), Origins of Igneous layering, 1-28. D. Reidel Publishing Company. 

SJ<lrensen, H., Rose-Hansen, J., & Petersen, O.V., 1981. The mineralogy of the Ilimaussaq 
intrusion. In: The Ilimaussaq Intrusion, South Greenland. A Progress Report on Geology, 
Mineralogy, Geochemistry and Economic Geology (J.C. Bailey, L.M. Larsen & H. S(llrenson, 
eds.) Rapp. Gr¢nlands Geol. Unders. 103, 19-24. 

183 



Stephenson, D., 1972. Alkali clinopyroxenes from nepheline syenites of the South Qoroq 
Centre, South Greenland. Lithos, 5, 187-201. 

Stephenson, D. 1973 The petrology and mineralogy of the South Qoroq Centre, Igaliko Com
plex, South Greenland. Unpubl. Ph.D thesis, University of Durham. 

Stephenson, D., 1974. Mn and Ca enriched olivines from nepheline syenites of the South 
Qoroq Centre, South Greenland. Mineralog. Mag. London, 46, 283-300. 

Stephenson, D., 1976a. A simple-shear model for the ductile deformation of high-level intru
sions in South Greenland. J. geol. Soc. London, 132, 307-318. 

Stephenson, D., 1976b. The South Qoroq nepheline syenites, South Greenland: petrology, 
felsic mineralogy and petrogenesis. Bull. Grpnlands geol. Unders., 118, 55 pp. 

Stephenson, D., & Upton, JB.G.J ., 1982. Ferromagnesian silicates in a differentiated alkaline 
complex: Kungniit Fjeld, South Greenland. Mineralog. Mag. London, 46, 283-300. 

Stewart, J.H. 1976. Late Precambrian evolution of North America. Geology 4, No.1, 11-15. 

Stewart, J. W. 1964. The earlier Gar dar igneous rocks of the Ilimaussaq area, South Greenland. 
Unpub. Ph.D thesis. University of Durham, England. 

Stewart, J.W., 1970. Precambrian alkaline ultramafic carbonatite volcanism, at Qagssiarssuk, 
South Greenland. Bull. GrfJnlands Geol. Unders., 84 (also Meddr. Gr~nland 186, 4) 70pp. 

I 

Sun, §.§., 1980. Lead isotope study of young volcanic rocks from mid- ocean ridges, ocean 
islands and island arcs. Phil. Trans. R. Soc. Lond., A297, 409-445. 

Sykes, L.R., 1978. Intraplate seismicity, reactivation of pre-existing zones of weakness alkaline 
magmatism and other tectonism post-dating continental framentation. Rev. Geophys. Space 
Phys. 16, 621-688. 

Taylor, H.lP Jr. 1974. The application of oxygen and hydrogen isotope studies to problems 
of hrydrothermal aletration and ore deposition. Economic Geol., 69, 843-883. 

Taylor, H.lP Jr. 1977. Water-rock interactions and the origin of H20 in granitic batholiths. 
J. Geol. Soc., 133, 509-558. 

Taylor, H.P Jr. 1980. The effects of assimilation of country rocks by magmas on 180jl 60 
and 87Srf86Sr systematics in igneous rocks. Earth Planet. Sci. Lett, 47, 243-254. 

Taylor, R.lP., Strong, D.F. and Fryer, B.F. 1981. Volatile control of contrasting trace 
element distributions in peralkaline granitic and volcanic rocks. Contr. Mineral. Pet. 77, 
267-271. 

Taylor, S.R. 1965. The application of trace element data to problems in petrology. Phys. 
Chem. Earth, 6, 133-213. 

Taylor, S.R., Campbell, I.H., McCulloch, M.T. & McLenan, S.M., 1983. A Lower 
Crustal Origin for Massif-Type Anorthosites. Nature, London, 311, 372-374. 

Taylor, S.R., Emeleus, C.H. & Exley, C.S., 1956. Some anomalous K/Rb ratios in igneous 
rocks and their petrologic significance. Geochim. Cosmochim. Acta, 10, 224-229. 

Theisen, R. and Vollach, D. 1967. Tables of x-ray mass absorption coefficients. Verlag 
Stahleisen M .B .H., Dusseldorf. 

Thirlwall, M.F. 1969. The petrochemistry of the British Old Red Sandstone Volcanic Province. 
Unpubl. Ph.D. thesis, Univ. of Edinburgh. 

Thompson, R.N. 1982. Magmatism of the British Tertiary Volcanic Province, Scot. J. Geol. 
18, 49-107. 

184 



Thompson, R.N., Morrison, M.A., Dickin, A.JP. and! Hendli'y, G.L. 1983. Continental 
flood bMalts ... Arachnids rule OK? In: C.J. Hawksworth and M.J. Norry (eds) Continental 
Basalts and Mantle Xenoliths. Shiva, Cheshire. 

Thompson, R.N., Monison, M.A., lHiendn:y, G.JL. & lPruriry, §., 1984. An Msessment of 
the relative roles of crust and mantle in magma genesis: an elemental approach. Phi/os. Trans. 
R. Soc. London, A310, 549-590. 

Thorning, JL., & Boserup, M., 1985. Geophysical field work in relation to mineral exploration 
programmes in South Greenland. Rapp. Grvnlands geol. Unders. 125, 78-79. 

Tukiainen, T., 1981. Preliminary results of the geological and radiometric reconnaissance in 
the Motzfeldt Centre of the Igaliko Complex. Unpubl. intern. GGU rep., 27 pp. 

Tukiainen, T., 1985BI.. Geological mapping and mineral exploration in the Motzfeldt Centre 
of the Igaliko nepheline syenite complex, South Greenland. Rapp. Grpn/ands geol. Unders. 125, 
56-60. 

Tukiainen, T. 1985b Pyrochlore in alkaline intrusions of Greeland. Interim report No. 2, 
Unpubl. report, Greeland Geological Survey, Copenhagen. 

Tukiainen, T. 1985c Pyrochlore in alkaline intrusions of Greeland. Interim report No. 3, 
Unpubl. report, Greeland Geological Survey, Copenhagen. 

Tukiainen, T. 1986a Excursion guide: Motzfeldt Centre of the Igaliko Nepheline Syenite Com
plex, South Greenland. Unpubl. report, Greenland Geological Survey, Copenhagen. 

Tukiainen, T. 1986b Pyrochlore in alkaline intrusions of Greeland: Supplementary material for 
the excursion to the Motzfeldt Centre of the lgaliko Nepheline Syenite Complex, South Greenland. 
Unpubl. report, Greeland Geological Survey, Copenhagen. 

Tukiainen, T. 1986c GGU-Pyrochlore Project. Final Report. Unpubl. report, Greeland 
Geological Survey, Copenhagen and Commision of Economic European Communities. 

Tukiainen, T., Bradshaw, C., & Emeleus, C.H. 1984. Geological and radiometric mapping 
of the Motzfeldt Centre of the Igaliko Complex, South Greenland. Rapp. Grpn/ands Geol. 
Unders. 120, 78-83. 

Tukiainen, T., Bradshaw, C., Carle, C., & Olesen, L.B., 1984. New extensive Th
Zr-Nb-REE mineralisation in the Motzfeldt Centre, S. Greenland, M outlined by an airborne 
gamma-spectrometric survey. 16th Nordiska Geologiska Vintermotet, Stockholm. 

Tuttle, O.F. & Bowen, N.L. 1958. Mem. Geol. Soc. Am. 74. 

Upton, B.G.J., 1960. The alkaline complex of Kfrngnat Fjeld, South Greenland. Bull. 
GrJin/ands geol. Unders., 27, (Also Meddr. Gr~nland 123), 145 pp. 

Upton, B.G.J., 1961. Textural features of so;ne contrMted igneous cumulates from South 
Greenland. Bull. Gr11nlands geol. Unders. 29. (also Meddr Gr~nland 123, 6), 1-32. 

Upton, B.G.J. 1962. Geology of Thgtutoq and neighbouring Islands, South Greenland. Part 
1. Meddr om Grpnland 169, No.8, 59pp. 

Upton, B.G.J. 1964. The geology of Thgtutoq and neighbouring Islands, South Greenland. 
Part II: Nordmarkite syenites and related alkaline rocks. Meddr. om. Gnmland 169, No.2, 62pp. 

Upton, B.G.J. 1964b The geology of Thgtut6q and neighbouring Islands, South Greenland. 
Part IV: The nepheline syenites of the Hviddal Composite dyke. Meddr. om. Grf/nland 169, 
No.3, 50-88. (also Bull. Gr~nlands geol. Unders. 48) 

185 



Upton, B.G.J., 1971.b Chemical variation within 3 alkaline complexes inS. Greenland. Lithos, 
4, 163-184. 

Upton, JB.G.JJ., 1974. The alkaline province of South-West Greenland. In S~rensen, H. (ed.), 
The alkaline rocks., 221-238. New York: Wiley. 

Upton, B.G.JJ ., & lBlundlell, JD.JJ., 1973. The Gardar igneous province: evidence for Protero
zoic continental rifting. In: E.R. Neumann & LB. Ramberg, (eds), Petrology and Geochemistry 
of Continental Rifts. 163-172. Riedel, Dordrecht. 

Upton, JB.G.JJ & Emeleus, C.H.E. 1937. Mid-Proterozoic alkaline magmatism in southern 
Greenland: the Gardar province. In: J.G. Fitton & B.G.J. Upton (eds) The Alkaline rocks, Geol. 
Soc. Loud. Spec. Pub. No. 30, 11, 449-471. 

Upton, B.G.Jf., & Fitton, Jf.G. 1935. Gardar dykes north of the Igaliko Syenite Complex, 
southern Greenland. Rapp. Grt~nlands Geol. Unders. 

Upton, B.G.J., &: Thomas, Jf .E. 1980. The Thgtutoq younger giant dyke complex, fractional 
crystallisation of transitional olivine basalt magma. J. Petrol., 21, 167-198. 

Upton, JB.G.JJ., Stephenson, D. & Martin, A.R., 1985. The Thgtutoq older giant dyke 
complex: mineralogy and geochemistry of an alkali-gabbro - augite-syenite - foyaite association 
in the Gardar province of South Greenland. Mineral. Mag. 49, 623-642. 

Ussing, N.V., 1912. Geology of the country around Julianehab, Greenland. Meddr. Grt~nland 

38, 376. 

Vlasov, K.A (ed). 1966. Geochemistry and mineralogy of rare elements and genetic types of 
their deposits. Vol 1: Geochemistry of Rare Elements. Israel Program for Scientific Translations. 
Jerusalem, 1966. 

Watson, E.B. 1979. Zirconium saturation in felsic liquids; experimental results and applica
tions to trace element geochemistry. Contr. Mineral. Pet. 70, 407-419. 

Weaver, S.D., Sceal, J.S.C., &: Gibson, I.L., 1972. Trace-element data relevent to the 
origin of trachytic and pantelleritic lavas in the East African rift system. Contrib. Min. Pet. 36, 
181-194. 

Weill, D.JF. & McKay, G.A. 1975. The partitioning of Mg, Fe, Sr, Ce, Sm, Eu and Yb 
inlunar igneous systems and a possible origin of KREEP by equilibrium partial melting. Proc. 
6th Lunar Sci. Conf., 1143-1158. 

Wiebe, R.A., 1985. Proterozoic Basalt Dike in the Nain Anorthosite Complex, Labrador. 
Can. J. Earth Sci., 22, 1149-1157. 

Wilcox, R.E., Harding, T.JP. &: Seely, D.R. 1973. Basic Wrench Tectonics. Am. Assoc. 
Petrol. Geol. Bull. 57, 74-96. 

Wolff, J.A. 1987. Crystallisation of nepheline syenite in a subvolcanic magma system; Tenerife, 
Canary Islands. Lithos. 20, No.3, 207-224. 

Wright, J .B., 1971. The phonolite-trachyte spectrum. Lithos, 4, 1-5. 

Wyllie, P.J., 1979. Magmas and Volatile components. Am. Min., 64, 469-500. 

Wyllie, lP.JJ., 1981. Plate-tectonics and magma genesis. Geol. Rundschau, 70, 128-153, 
Stuttgart. 

Yakowitz, H., Myklebust, R.L. and Heinrich, K.F.J. 1973. Frame: An on line correction 
procedure for quantitative electron probe microanalysis. N.B.S. Tech. Note. 796. 

186 



m 
z 
() 

~ 

N 

r 
4 Km. 

NORTIH 

881. 

Topography and regional divisions of the Motzfeldt Centre. 

::;: 
0 
8 
N 
1':1] 
[1l 

t"' 
t1 
t-3 

I 

(/) 

::c 
0 
~ 
H 
z 
G"l 

~ 
[1l 

G"l 
H 
0 z 
> 
t"' 

t1 
H 

< 
H 
(/) 
1-i 
0 z 
(/) 

> z 
t1 

1:"' 
0 
(") 

> 
t"' 
H 
t-3 
Do( 

z 
CBII 

> ::;: 
[1l 
(/) 



Sheet 

Intrusions 

Ring-dyke 

intrusions 

Mineralised microsyenite - - - - -} 

·Fresh microsyenite - - - - - - - . - n.d 

Pegmatite 'microsyenite' -- - - -

Lujavrite (SW Motz) - - - - - - - - · - SM6 

):( Poikilitic arfvedsonite microsyenite - EMb 

~ Laminated porphyritic syenite ----- EMa 

,_ $ 

0 
0 

Laminated alkali syenite - - - - - - - • SM3 

Larvikite ring dyke - - - - - - - - - - - SMS# 

Alkali gabbro giant dyke - - - - - - - AGGD 

r------=-----~-=-=-----

'lfhe prevlouo nomencl~hu® @f leme8®Y8 li Harr)! ( ~ 910) 8llntil ~on6f3 ( 1980) 

Is shown ior reference. 
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